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Your problem in Electronic Systems Design 


A major problem in electronic controls systems de- 
sign is how to get information into and out of 
machines, because machines, like people, do not 
always speak the same language. Thus devices must 
be created solely to convey information between 
machines. A good example of this is the Librascope- 
designed analog-digital converter which translates 
mechanical motion into electronic codes. Other 


Librascope devices provide similar avenues of in- 


Librascope also manufactures mechanical 
and optical control devices and computers. 
Send for booklet describing our company. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE, INC. ° 


BOS WESTERN AVENUE 


formation, making it possible to communicate with 
machines, processes, and understand heretofore un- 
intelligible phenomena. Librascope components are 
packaged in sub-assemblies which are then com- 
bined into control and data-handling systems for 
commercial and military projects. These devices can 
also be assembled into a myriad of different con- 
figurations, many of which may be applicable to 
your particular problems. Write today for details. 
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Engineers in search of interesting assignments, security, 


advancement—contact Mac McKeague, Personnel Director 


IBRASCOPE 


GLENDALE *- CALIFORNIA 
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GEDA 


solves control 
problems * 


UNCONTROLLED 
FABRIC POSITION , Mibgaaga: 








Mi4 ROLLER 


ROLLER ANGLE 


CONTROLLED 
FABRIC POSITION 





DESIRED CENTER POSITION 6% 


*in this case the problem is to control the 
rolling of fabric in a textile mill—to insure 
“perfect edges,” eliminate waste and knif- 
ing—in order to effect savings for the user 


PHOTO TUBE 
AND 
PREAMPLIFIER 


SERVO AMPLIFIER 
AND 


SWITCH 


SWITCH MOTOR 


IT MAKES NO DIFFERENCE if the problem shown 
above is not similar to one facing you right now. 
The big point is this: 


GEDA—versatile analog computing equipment built 
by Goodyear Aircraft—can speed the analysis and 
solution of difficult automatic control and engineer- 
ing design problems facing almost ANY type of 
industry. 


YOU SIMPLY set up your own problem, inject your 
own control characteristics—and “feed” it to 
GEDA. 


IT iS BY FAR the simplest and most assured way to 


(GEL /\ ANALOG COMPUTERS — 


STABILIZING NETWORKS 


eliminate hit-or-miss experimentation and empiri- 
cal “guesswork.” You'll find GEDA is as easy to 
use as it is versatile—delivers results in wave forms 
and voltages for easy translation without requiring 
learning of specialized mathematics. 

A VITAL ENGINEERING TOOL, GEDA ean deliver 
tremendous savings in engineering man-hours — 
possesses quality and flexibility foremost in its field. 
WRITE FOR LITERATURE which describes the complete 
line of GEDA “Advanced Design” Computing 


Equipment: Goodyear Aircraft Corporation, 
931GE, Akron 15, Ohio. 


best way to give your hunch a chance! 


GOOD, YEAR AIRCRAFT 


GEDA—T.M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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Economical with 
Modular Design . 
Multi-Gate’ 


Plug-in Tone Transmitter 





(Cover Removed) 


When planning a system to operate apparatus at a 
remote location from a central master station, it is 
important not only that the equipment perform as 
required, but also that it be easy and economical to 
install and service. On the first count, Hammarlund 
Muti-Gate equipment assures fast-acting, fail-safe 
operation of a practically unlimited number of con- 
trol functions over a single circuit. On the second 
count, it’s a snap to install and maintain because of 
its new modular construction. And that means lower 
operating and maintenance costs. 


Each rugged, compact standard audio tone generator 
and receiver unit, as well as each relay section, is 
designed for simple plug-in. While easily removed, 
it is positively secured in service. 


To provide complete protection against interruption, 
it is only necessary to have one spare of each of the 
basic compbnents. That’s because frequencies of the 
tone receivers and transmitters are determined by 
completely separate packages. As a result of this 
design, maintenance of these plug-in units is a simple 
operation and does not disturb the control system. 


Because of its modular design, a complete system of 
any size is quickly assembled. Also, after installation, 
it may be easily expanded at any time by the addition 
of the required modular sections. 


Plug-in Tone Receiver 
(Cover Removed) 


Your modern centralized control system will be low 
in initial cost, provide highly reliable performance, 
and be most economical in maintenance as a result of 
the many fine design features in Multi-Gate 
equipment. 


You can get full details by writing to The Hammarlund 
Manufacturing Company, Inc., 460 West 34th Street, 
New York 1, N. Y. Ask for Bulletin CC-9 


Typical Multi-Gate 
Receiving Terminal 


This unit takes little space 
and is readily accessible 
when mounted in a 
standard 19” rack. 

Special window covers 
protect all relays from dust. 
Control of ventilation 
maintains conservative 
temperature levels 
throughout the equipment. 


W HAMMARLUND 
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INDUSTRIAL COUNTERS 





Many models 

Wide range of speeds and 
count capacities 

Counters with registers 


Counters without registers 


FEATURES: 
Counts random or cyclic 
events 


Counts electrical impulses — 
sine waves, square waves or 
pulses 

Cold cathode counting tubes 
Simplified circuitry uses few- 
er tubes 


Write on company letterhead for 
Atomic's Industrial Counting and Con- 
trol Catalog. 


Representatives in Principal Cities 
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SHOPTALK 


ALAS, GEORGE LEAVES 


If you have enjoyed reading What's New, Pulse, and the 
magazine in general, why, thank George Boehm. This 
sprightly senininalii scientist manages the works, and some- 
how finds time to play tournament bridge. But alas, George 
leaves us to join “Scientific American.’ "Yew we ll miss him 


Before departure, 
George (left) cast 

a last, nostalgic 
eye at Art Director 
Jack Gordon’s cover 
design for this issue. 


BUT SLATER’S ON THE SCENE 

Luckily, George’s verve was catching. As Business Editor, 
Lloyd Slater got more than a mild hl of it, so he’s taking 
on the job of Managing Editor with this issue. If you're a 
maker or a user of caiel surely you met Lloyd when he 
rambled over the country applying Brown instruments or 
when he worked the midwest as field editor for “Food Engi- 
neering.” So you know that he'll bring the same bustling 
energy and enthusiasm to this new tab. We know it, too. 
That's why we picked him. 


DON’T SEND HEN’S TEETH TO SHOWS 


While covering the recent IRE conclave for our feature 
news story in this issue we paused at the employment notice 
board in the lobby of the Waldorf-Astoria to tack up our 
hopeful request for an editor. While searching for an open 
spot midst the densely packed slips we heard two venerables 
at the edge of the crowd. “Good engineers are as scarce as 
hen’s teeth,” one growled. “Get one and he floats off to a 
new job next week. Darned if I'll send the boys to look at 
this bulletin board next year.” Incidentally, we're still look- 
ing for that editor. Know one? 


EASTERN METEOR HITS WEST COAST 


We rather doubt that west coasters will ever get over By 
Ledgerwood’s recent one-month tour through their control 
industry. By marched on the coast armed with typewriter, 
soundscriber, MS p paper, and two nylon shirts. He worked 
during breakfast, lunch, and dinner, anes two plants daily, 
and edited manuscripts each evening. You'll see the results 
for months. 





Sustained electrical accuracy throughout 
the life of a potentiometer is largely 
governed by the unit's ability to resist 
mechanical dimensional changes. The 
all-metal-case construction of Fairchild 
potentiometers assures mechanical rigidity 
that maintains superior initial accuracies 
and tolerances throughout a long life cycle— 
in spite of severe changes in environmental 
conditions. This is another advance made 
possible by Fairchild’s continuous research 
and quality control program on materials, 
processes and manufacturing. 


SUSTAINED ACEC 


through 
mechanical rigidity 


Now for the first time Fairchild brings you the sustained 
accuracy of all-metal-case construction in a 10-turn 
potentiometer. This unit has only 2 the diameter and 1/3 the 


weight of usual standards. It is the Fairchild Standard Type 920, 


Its 241” coil length assures linearities of +0.25% ina 
resistance range of 1,000 to 200,000 ohms, with +0.1% 
available for special applications. Your choice of servo, 
threaded bushing or three-hole pilot bushing mountings. 


This is another example of how Fairchild’s complete line can 
give you the answers, no matter what factors govern your 
choice of precision potentiometers. Write Fairchild Camera 
and Instrument Corporation, 225 Park Avenue, 

Hicksville, L. 1., N. ¥., Dept. 140-62C1. 


—fAiRCHILD 


PRECISION POTENTIOMETERS 





convert 


SELF-BALANCING 
POTENTIOMETERS TO 


digital 
read-out 


PRINTED TAPE e PUNCHED CARD 
PUNCHED TAPE 


Complete...Easy to Install... Reads 
from 0-1000; Accuracy +0.1%. A com- 
plete system kit for obtaining digital 
information from standard self-balanc- 
ing potentiometers. Easy to install, 
complete with all necessary hardware, 
this conversion does not affect the ac- 
curacy of the recording instrument, and 
no modification of the potentiometer is 
required. Readings can be taken while 
the recording pen is moving. 
Non-linear calibrations available for 
use with thermocouple applications. 


GIANNINI 
ENCODER 


Lodo) =] <4 =] 
COMMUTATOR: 


Digitizes shaft posi- 
tion. Binary or 
Decimal 
Codes. 
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SALES ENGINEERING OFFICES: 
NEW YORK. N.¥.—580 FIFTH AVE.— JUDSON 6-7500 
LOS ANGELES, CALIFORNIA— RYAN 1-7152 


Laboratory Apparatus Division 
G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIF. 


CONTROL ENGINEERING 











FEEDBACK 


. ae 
To tHE Eprror— 

In your January issue the article 
“How to Operate a Two-Phase Motor 
from a Single-Phase Source” brings out 
two points which I question. 

1. It is stated that the required ex- 
ternal impedance generally has a resis- 
tive component which may be negative. 
I believe that the resistive compo- 
nent can always be made positive by 
the proper choice of a 90-deg phase 
lead or lag between the phase 2 volt- 
age and the single-phase line in the 
original derivation of the required ex- 
ternal impedance (Z). 

2. The statement is also made, “In 
practice, the resistive component of 
the external impedance is neglected, 
and phase shifting is accomplished by 
a capacitive component only.” This 
would be true only if the resistive com- 
ponent of the impedance of phase 2 
is approximately the same magnitude 


PROBLEM FORUM 


as the reactive component of the im- 
pedance of phase 2. For motors in 
which the reactive component is large 
in comparison to the resistive com- 
ponent, the net voltage across phase 2 
would be much greater than the rated 
voltage if no series resistor is used. 
This would result in saturation of the 
iron and over-heating of the phase 
2 winding. 

V. Tatosian 

Vickers Electric Div. 

St. Louis, Mo. 


Yes ‘tis 
To THE Epiror— 

1. It is not possible to choose phase 
lead or phase lag to obtain a resistive 
component which is positive. This is 
apparent from the equation for the 
impedance Z given in the paper. The 
ratio = 

E. 
depending upon phase lead or lag. 
continued on page 8 


can be positive or negative 


Keep sending in your problems. Someone in this multi 
dimensional field will tackle them through this column. Or 
if a problem is presented by many readers, we will publish a 
feature article treating the subject thoroughly. Our cash offer 
for challenging problems and outstanding solutions still stands 


This month’s prize-winning 


To THE Epriror— 

In automatic control of the fre- 
quency and voltage of large ac and de 
machines the conventional RC sta- 
bilizing networks are very bulky. A 
common stabilizing means in these 
cases is a “rate transformer.” Its pri- 
mary is in series with the field winding 
(in some cases it can connect in par- 
allel), and its secondary feeds the con- 
trol finding of a magnetic amplifier 
or a rotating amplifier (amplidyne). 
In the steady state, the secondary 


problem—Number 4 


voltage is zero; during transients, the 
secondary voltage is very nearly propor- 
tional to the rate of change of the 
field current or field voltage. 

This stabilizing transformer is an 
important part of the complete system, 
yet it cannot be purchased. It must 
be designed and fabricated for each 
specific problem. There is no pub- 
lished paper on a design method. Con- 
TROL ENGINEERING will render valu- 
able service if it publishes a procedure. 

Name withheld 
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PHOTOSWITCH CONTROL UNIT —. 


Fe 


GRAVITY 
CONVEYOR 


from the largest Specialists 
in Photoelectric Controls 





PHOTOSWITCH 
SCANNER ~ 


MARK DETECTED 


Photoswitch Helps Warehouse Go Automatic 


Problem: To reduce handling costs in sorting and distributing 
the same type cartons containing different products. 


Solution: Photoswitch photoelectric scanners, positioned 
along the main conveyor carrying mixed cartons, detect 
marks printed in identifying positions on the sides of the 
cartons. The scanner for each product type is keyed by 
switches to see a mark printed only in the position that identi- 
fies that product. It ignores marks printed in different positions 
which identify other products. When the proper mark is 
detected, a Photoswitch Control Unit causes take-off V-belts 
to rise between the main conveyor rollers shunting the carton 
to the correct secondary conveyor for automatic palletizing 
and storage. 

Results: 1. Increased output. 2. Reduced labor costs. 3. Error- 
free sorting. 


This control design is typical of thousands of successful Photo- 
switch Systems for Automatic Electronic Control of Machinery 
and Processes. In Photoswitch’s wide variety of “ready-to-use” 
photoelectric controls, liquid level controls and electronic 
timers, you will find controls that meet your requirements 
exactly. For the solution of your control problems, see your 
Photoswitch representative. 


FREE — 45 more ideas — Get this 76 page 
book. Shows in detail how designers of ma- 
chines for many different industries have em- 
ployed standard packaged electronic controis. 
Tells how they found new opportunities to reduce Ph * 

costs through simplification of design . . . how A otoswite 

they developed order-getting user advantages. Pp DIVISION 
Shows you how easy it is to apply Photoswitch ia ELECTRONICS CORPORATION OF AMERICA 
Controls for sorting, counting, starting, stopping, = 
inspecting, indexing, adjusting, weighing, tim- 
ing, limiting, safeguarding, ete. 






Dept. P27-5, 77 Broadway, Cambridge 42, Mass. 
Send FREE copy of “Cutting Production Costs with Electronic Controls” 


Name and Title 


SEND FOR YOUR COPY NOW . Company... 


Address. 


City......... State 


FIREYE DIVISION e COMBUSTION CONTROL DIVISION «© BUSINESS MACHINES DIVISION 
PHOTOCONDUCTOR-=TRANSISTOR DIVISION © MARINE DIVISION © MILITARY DIVISION 
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Nevertheless, the resistive component 
for those cases in which R, exceeds 
WORLD'S BEST | ” : e X, will remain negative. A resis- 
- . 

| tive component with positive value can 
be sometimes obtained if the voltages 
E, and E, are not equal. Thus, for the 
case where E, = 24 v and E, = 120 v 
and Z. = R., gperation from a sin- 
gle-phase 24-v source would require 
a_ resistive component equal to 
(24 — 1) 

120° 
it is permissible to operate this motor 
from a 120-v source (which means 
interchanging E, by E.) the resistive 

(120 — 1 
4 ) R,, 
which is positive. This, of course, is 
not always possible. 

2. Mr. Tatosian’s apprehension con- 
cerning the omission of the resistive 
component for equivalent single-phase 
operation is well founded. This can be 

That thing up there is one of our Series 72 illustrated for the case of a 400-cvcle, 
i ge hag «Me etsespen egies 115-v, 2-phase servo motor commonly 
warmth of that glorious moment which only » phi d 
comes to the most fortunate products — the designated by the Bureau of Ordnance, 
moment when the designer still feels his Navv Dept., as MK 7. This motor has 
dreams are sealined, just before the mur- a control winding with R, = 490 ohms 
murings start coming in from the field to > " i ee 
shatter it all. and X. = 890 ohms. The resistive 

component of the impedance to obtain 

With most products it never happens be- equivalent operation from a_ single- 
cause the complaints arrive soon after ship- phase source should be 400 ohms. If 
parson eee cee this resistance is omitted and only the 
to be an improvement over all the old line capacitive component used, the volt- 
telegraph relays (American relays, that is) age appearing across the control wind 


pers ‘ = less — half their size, _ a ing will be 169 v. which may not only 
telegraph relay it was disappointing, finding ve . ag, aler 
sat - age i amage > moto also 
principal application in other work. The 72 result in d nmage to the mot r but als 
has been “out” nearly two years and we cause the motor to perform In a way 
cautiously permit ourselves to think the ob- which is not equivalent to its perform- 


jective in hand. One or two Very Important ance from a 2-phase source. If the 
Customers seem to agree. 


article gave the impression that the 
FEATURES OF THE SIGMA SERIES 72 RELAY a. . tHe 
Cuneta eneteten aitiiitand While hair is down it may be admitted resistance component = be omitted 
Guihekenniaeia SPOT that this little wonder* is Sigma’s first seri- indiscriminately, Mr. Tatosian’s com- 
Contact life and load rating = 5x108@ 60 ma “rH vce we oe — Pry ments are in order and must be heeded 
ie Se eee if proper equivalent operation is to 
t tories” to excel them, particularly for high . 
easily replaced) ag eee be obtained 
" ” speed transmission. If so, we’re in, because is 2 
Contact separation .004 P me ee or K. Buri 
~ in in addition the 72 has provision for main- . Burlan 
Max. aperiodic pulse rate 400 cps te i iad h ee M Lal ’ : Inc 
sine, telhnaing oulen cate 1200 cps pension Poe . ance a com we od C-l Ml saboratories, Inc. 
Vibration immunity 15 g to 500 cps ve sie ae —— a Chicago, Ill. 
and the timeless water faucet. Bias and sen- sj 
sitivity are “micrometer” adjustable; contact 
screws and armature are easily replaceable. 





e R., which is negative. If 


component becomes 


even at highest 
sensitivity 
Height and diameter above 21/2" x 
octal plug ‘ A Errata 
We are now in a position to sell these an -E 
paragons in fair quantity. If you buy them lo THE DITOR 
for the type of application for which they In the article “A Broad Look at 
are designed, we won't even cross our fin- Analog Computers” [CONTROL ENGI- 
gear: NEERING, Vol. 2, No. 2] I believe that 
several equations in Fig. 2, page 56, 
——q OY "i ; ; are in error. For the “Multiplication- 


*We can't prove this, but it is the 
opinion of the man who designed it, 





Division” device the mathematics 
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5 
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i Ife=1,aXd=b 


, o x 
69 Pearl Street, So. Braintree, Boston 85, Mass. Ifd=1, = 


‘ | \ /i f should read: 


~ 


For the “Differentiation-Integration” 
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device the second equation should 
read: 
dé, aa dé 
dt dt 
I'‘hese comments are not directed as 
criticism of your fine journal but as 
constructive suggestions. 
Charles H. Draper 
Diamond Alkali Co. 
Cleveland, Ohio 


The sharp-eyed Mr. Draper is correct. 
Make the indicated changes in your 
copies.—Ed. 


A Grave Answer 


To tHE Eprror— 

Your recent letter asked for 
more information on the Martin anti- 
gravity research program referred to in 
an employment ad. George S. ‘Trim- 
ble, Martin Vice President of Ad- 
vanced Design, . . . tells us: 

“At the present time, anti-gravity 
research involves fundamental study of 
Field ‘Theory as expounded by Ein- 
stein and others. We will attempt to 
determine, first theoretically and later 
experimentally, the basic laws of na- 
ture concerning gravity in the belief 
that an understanding of it will lead 
ultimately to its control by man.” 

Clayton J. Knight, Jr. 
Glenn L. Martin Co. 
Baltimore 3, Md. 


After reading this provocative reply, 
an associate doodled, thus, on a table- 


cloth:—Ed. 
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“Are you the guy who _ poo- 
poohed our anti-gravitation theory? 


Only one 


system is 


best for you 


We've assembled dozens of instru- 
mentation systems around our 
SADIC Analog-to-Digital Converter 

.and no two have been exactly 
alike! Each started from an exhaus- 
tive study of user requirements... 
each represented the most practical 
solution to a particular set of prob- 
lems. And whether slated for static 
and dynamic testing, chemical analy- 
sis, Or process control, every one of 
these data-processing systems has 
effected impressive savings both in 
dollars and man-hours. . . very often 


paying for itself in mere weeks. 


How this type of tailor-made instru- 
mentation can go to work for you is 
told in our new Systems Brochure... 
Send today for CEC-1304-X14. 


Here's a typical SADIC 
Data-Processing System designed for 
a major aircraft manufacturer and 
used on static testing. Systems like this 
have saved hundreds of computation 
man-hours on a single test. Here 

are its basic functions... 

all of them automatic... 


Scans up to 100 strain-gage 
channels in any sequence after START 
button is pressed 

Balances each channel... 
eliminates manual potentiometer 
adjustments 
... Reads out digital values at average 
rate of 25 channels per minute... 
at 0.1 full-scale accuracy 

Resolves +1 mv input signals into 

1,000 discrete parts... i.e., 
maximum sensitivity is 1 microvolt 
pel count 

Controls sensitivity factor on 
all channels independently 

. Punches pre-set constants and 
outputs of all channels on standard 
teletype tape, ready for automatic 
tabulation or conversion to 
punched cards 


Consolidated Engineering 


Corporation 


ELECTRONIC INSTRUMENTS FOR 
300 North Sierra Madre Villa, Pasadena 


Sales and Service Offices Located in 
Dallas, Detroit, New York, Pasadena 
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Leaders both... The Norden Laboratories, 
designers of the famous Norden bombsights, have made 
many contributions to the fields of electro-mechanical 
instruments, computers and systems. Working with Ketay 
Laboratories, the pioneer in high precision synchros 
and other servo-mechanism components, their combined 
engineering “know-how” and facilities are available 
to government and industry. 


OUTSTANDING ENGINEERING LABORATORIES 





NORDEN-|KETAY 


OFFERS COMPLETE CYCLE OF ENGINEERING 





At Norden-Ketay, great emphasis is placed on 
transitional engineering from the tested prototype thru 
testing under actual operating conditions. Transitional 
engineering gives customers a complete cycle—research, 
development, design, production engineering and 

manufacturing—and results in economy of total effort and 

in shortened time schedules. Thus customers 

receive the earliest possible successful 
production and good performance. 


Look to Norden-Ketay for 
SYNCHROS ¢ SERVO MOTORS * DIGITAL CONVERTERS 
RATE GENERATORS ¢ RESOLVERS * MAGNETIC AMPLIFIERS 
POTENTIOMETERS ¢ GEARS AND GEAR TRAINS 
NAVIGATIONAL SYSTEMS ¢ FIRE CONTROL SYSTEMS 
SERVO MECHANISMS ¢ AIRBORNE INSTRUMENTS 
BOMB DIRECTOR SYSTEMS ¢ AIR DATA INSTRUMENTS 
COMPUTERS ¢ COMMUNICATION EQUIPMENT. 


NORDEN-KETAY (CORPORATION 


99 Park Avenue, New York 16, New York 
RESEARCH & DEVELOPMENT Ketay Laboratories, New York, N. Y. 
LABORATORIES: The Norden Laboratories, White Plains, N. Y. 


MANUFACTURING PLANTS: New York, New York, Milford, Connecticut 
Commack, Long Island, N. Y., Hawthorne, California 


SUBSIDIARIES: Nuclear Science and Engineering Corporation, Pittsburgh, Penn. 
Vari-ohm Corp., Amityville, Long Island, N. Y. 





a 
CONTROL 
PERSONALITY 


DR. NICOLA] MINORSKY 
pioneered control theory 


Dr. Nicolai Minorsky has never received the gen- 
eral recognition due him for laying the theoretical 
foundations of high-order derivative control actions. 
‘Thirty-seven years ago, long before control engineer- 
ing became a defined branch of applied science, he 
recognized the need of these actions and formu- 
lated rational expressions of them. He verified their 
benefits by applying them to automatic steering 
apparatus for the U. S. S. New Mexico in 1923. 


His navigation instrument led 
him to develop control theory 


Dr. Minorsky was born Sept. 24, 1885, in Korcheva, 
Russia, and got his Doctor of Engineering degrec 
at the Imperial Polytechnic School at Petrogr: id. 
During World War I he served as Electrical Officer 
of H.I.M.S. Sevastopol. After he was displaced by 
the Bolshevik revolution from war work with the 
Russian Naval Attache in London and with the Inter- 
Allied Committee for (War) Inventions, he came 
to the United States to develop one of his inven 
tions—the constrained gyro. In later years this in- 
strument, the “gyro turn-indicator,” was used exten- 
sively in aircraft. Even more significant, it started 
him developing an actual control system responsive 
to high-order time derivatives of departure. 

Three documents tell this development story: 

U.S. Patent 1,436,280, “Automatic Steering 
Device,” stakes the claims. 

“Directional Stability of Automatically Steered 
Bodies,” in the “Journal of American Society of Naval 
Engineers,” 1922, presents the mathematical analy- 
sis, of which the New Mexico trials were proof. The 
last few pages of this article develop the differential 
equations of a general fourth-order motion-control 
system, including second-order derivative control 
action. Stability is examined by the Hurwitz criteria. 
As Albert F. Sperry, president of Panellit, Inc., writes, 

“For fifteen years after this, we were digging out 
this information. It is really quite a travesty that 
this generalized work was lost in the literature.” 

“Automatic Steering Tests,” “Journal of American 
Society of Naval Engineers,” 1930, told in Dr. 


\ 


Dr. Minorsky regards his activity in the early days of control 
engineering “in a rather melancholy way, in the sense that 
an idea that comes before the situation is ripe remains only 
an idea. In my case, this was a quarter of a century ago, so I 
am still alive to witness the realization.” 


Minorsky’s vernacular, is an excellent narrative. Any 
control engineer who has attempted dynamic analy- 
ses of control systems in operation will appreciate 
Dr. Minorsky’s trials and tribulations during the steer- 
ing tests. The New Mexico was a battle-division 
flagship leading an entire formation through 
maneuvers from Puget Sound to San Pedro. Because 
of the tactical evolutions of the formation, systema- 
tic dynamic studies of the steering gear were impos- 
sible. Only on the rare occasions when the ship 
fell out of formation was Dr. Minorsky’s work- party 
able to snatch a minute or two to study and adjust 
the controls. However, they persevered. During 
the final tests off San Pedro, the ship steered auto- 
matically well within plus or minus ten minutes of 
course by continuous, smooth rudder action, in con- 
trast to the discontinuous, rather severe action of the 
human helmsman. 

Continued on page 134 
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Servo Motors 
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SIZE 18, 1.75” O.D. 


SIZE 18, 1.75” O.D. 
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OUNCE FOR OUNCE and inch for inch DoELCAM 
Master-precision Synchros and Servo Motors are 
today’s ultimate in accuracy and reliability. All 
performance criteria are guaranteed to equal or 
surpass the stringent requirements of the latest 
military specifications. In addition, they are 
proven components, many thousands having 
been delivered under Prime Government Con- 
tracts. Whether your application invelves com- 
puters. automatic pilots, airborne radar or 
servomechanisms for automation in industry or 
military weapons systems, DoELCAM Synchros 
and Servo Motors are vital components that are 
. helping to open the doors of tomorrow. 


DoELCAM SyNcHROsS for electrically transmitting 
angular position information to remote locations 
come in the following sizes and types. Size 11 
1.062” O.D. 115v 400 cps MIL-S-16892 (BuOrd) 
Types: 11CX4a, 11CT4a. Size 15 1.437”0.D. 
115v 400 cps MIL-S-16892 (BuOrd) Types: 
15CX4a, 15CDX4a, 15CT4a, 15TDX4a, 15- 
TR4a. Size 23 2.25” O.D. 115v 400 & 60 cps 
MIL-S-12472 (ORD) FXS-1066 Types: 23CX4a, 
23CDX4a, 23CT4a, 23TX4a, 23TR4a, 23CX6, 
23CDX6, 23CT6, 23TX6, 23TDX6, 23TR6. 
Size 31 3.10” O.D. 115v 60 cps Type: 31TX6. 
Write for Bulletin S$ 34 


DoELCAM Servo Motors feature an optimum 
combination of high torque and low rotor inertia 
for high performance servo systems where fast 
dynamic response is of prime importance. Latest 
embedment techniques assure reliable perform- 
ance under the most severe operating conditions. 
MIL-S-17087 (BuOrd). MK7 Servo Motor Mod 
0, Mod 1, Mod 2. MK8 Servo Motor Mod 0, 
Mod 1, Mod 2. MK 12 Motor-Tachometer Mod 
0. MK14 Servo Motor Mod 2, Mod 3. MKI16 
Motor-Tachometer Mod 0. 
Write for Bulletin SM 34 


SOLDIERS FIELD ROAD 
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A DIVISION OF MINNEAPOLIS-HONEYWELL BOSTON 35, MASS 


Instruments for Measurement and Control 


Synchros * Gyros * Amplifiers * Microsyns * Servo Motors 





IN THE BOOTHS... 


. they relaxed around comely 


informants or 


tensed over the 


controls of the “Radar Rocket.” 


40,000 
Radio Engineers 
Map a Broad Future 


For Control 


Spring came to New York City in 
1955 with a deluge of rain and radio 
engineers. ‘The blasé natives shrugged 
off the weather. But they may never 
get over its electronic accompaniment. 
Regular travelers on the Jerome Ave- 


nue subway line still mutter about it. 

For this year’s Institute of Radio 
Engineers four-day conclave was awe- 
some. Over 40,000 electronics-enthu- 
siasts converged on the city. They 
found the meeting spread between 


technical sessions in midtown Man- 
hattan hotels and show exhibits ten 
miles north in a brownstone castle in 
the Bronx. The result was perpetual 
hegira on subway and bus, with local 
riders properly dazed by electronics es 
peranto. Many eager engineers made 
this round trip twice each day. 

Under steel girders of the Kings- 
bridge armory they trudged over a mile 
and a half viewing wares in 895 
booths. Another 100 booths in nearby 
Kingsbridge Palace carried the over- 
flow displays. And downtown they 
packed into swank ballrooms at the 
Waldorf Astoria and Belmont Plaza 
to soak up 275 papers in 55 sessions. 

Taken in one dose, it was the big- 
gest technical shindig to hit New York 
since the World’s Fair. 

The armory displays reflected a 
broad new scope for the electronics 
art. This was no mere communica- 





THEY CAST A 
SEARCHING EYE... 


, to catch the design 
and application features in 
products which would help 
them in their jobs. Their big 
interest was in new circuits, 
more rugged components, bet- 
ter linkages, and simpler con- 
struction. They peered and 
squinted, and where they 
could, they fiddled. 








at 


tions show. Besides usual circuit hard- 
ware, the booths held servos, analog 
computers, counters, telemetering 
units, motor controls. The feverish 
rush to solid state devices also was 
evident. At least three dozen new 
semi-conductors and magnetic ampli- 
hers were on view. 

A decided control engineering bias 
was in the air. Naturally, the control 
virtues of transistorized circuits and 
magamps were played up. But the 
automatic control functions of most 
other electronic hardware were empha- 
sized in displays and giveaway litera 
ture. Over 400 of the 704 exhibitors 
classified as control field vendors. 

As usual, the working exhibits got 
the best rise. Walter Mittys in the 
crowd lined up for a dogfight session 
in Westinghouse’s “Radar Rocket.” 
Others grinned as Librascope’s versa- 
tile X-Y plotter impishly dotted out 


... AND AT THE SESSIONS 


. they settled back to absorb progress 
and occasionally sidled out to scan the 


job offer board. 


shapely chorus girls on graph paper. 
More practical seekers crammed into 
International Electronic’s inner sanc- 
tum to watch ultrasonic soldering. 
Some of the developments captured 
attention by sheer promise. Industrial 
control people pondered over Du 
Mont’s new optical scanner that 
counts the objects it sees. Computer 
engineers did a double take at Philco’s 
streamlined circuits based on surface 
barrier transistors. Geophysical re 
searchers pounced on Millivac Instru 
ments’ hushed amplifier—said to have 
less than one-half of one-millionth of 
a volt noise over a frequency band of 
60 ke. Data-processing experts were 
fascinated with the new Hughes stor 
age tube that reads out in printed 
words. Medical pulses quickened 
when showgoing doctors sighted Altec 
Lansing’s thimble-sized microphone 
with great heart diagnosis potential. 


Sessions Also Control Biased 


Engineers found the downtown 
technical sessions equally rewarding. 
As had the hardware, they catered to 
every interest. Some of the topics in 
55 special sessions: microwave theory; 
ultrasonics; telemetry and remote con 
trol: medical electronics; nuclear sci- 
ence; computers; information theory. 

Once again, control field interests 
seemed to bias the proceedings. True, 
full recognition of electronics in this 
field came in a special session and 
panel. But unmistakable touches of 
control engineering flavored many of 
the other papers 

Take flight in space. The Waldorf’s 
Grand Ballroom bulged when five ex- 
perts held their symposium on tele- 
metering and remote control of a 
space station. Cramped quarters were 
quickly forgotten as listeners coped 








WHAT’S NEW 


with instrument problems in a small 
ball whizzing around the earth 250 
miles aloft. This was the MOUSE, 
or as its keen young originator Profes- 
sor S. F. Singer delineated, Minimum 
Orbital Unmanned Satellite of the 
Earth. There was little doubt that 
MOUSE will be in the air in a few 
years and that control engineers will 
soon design loops that lap towards 
the moon. 


REDSTONE’S STUHLINGER: 
Shaped like a cosmic butterfly. 


A bigger, more commercial version 
of the MOUSE was described by in- 
formal, easygoing John Pierce of Bell 
Telephone Lab. This is to be a relay 
satellite which will yo-yo TV _pro- 
grams overseas. Eminently practical, 
Dr. Pierce fixed his 100 ft relay in an 
orbit 22,000 miles above Earth and 
set it up for 30 channel handling of 
an 8-digit binary pulse modulation sys- 
tem. Estimated cost: $35-million—just 
about as expensive as a good transat- 
lantic cable laying job. 

But the audience really rose off its 
seat when Redstone Arsenal’s Dr. 
Ermest Stuhlinger modestly revealed 
his design for a ten-man space ship to 
Mars. With a matter-of-factness tinged 
by his soft German accent and years 
of pioneering the V-2, Stuhlinger de- 


clared his vehicle would look like a 
“cosmic butterfly” and run electrically. 
Some slides showed problems well 
within scope of today’s engineer. 

Prospects for engineering growth 
were just as bright in other, slightly 
more earthly sessions. The special 
panel on “Design of Machines to 
Simulate Behavior of the Human 
Brain” also drew a sell-out crowd. One 
panel expert, MIT’s bearded Warren 
McCulloch, typified the unfettered in- 
tellect of neurologists searching the 
computer field for ideas. Another, 
A. G. Oettinger of Harvard’s Compu- 
tation Lab, made it clear that re- 
ciprocal knowledge is expected from 
computer people studying neurology. 
Conclusions? At this point it’s a toss 
up as to who will benefit most from 
this cross-fertilization. But obviously 
work in neuro-analogous mechanisms 
and neuro-programming computers is 
going on at fever pitch. 

Similar cross-fertilization between 
fields appeared in the medical elec- 
tronics symposium. Here the experts 
were physicians and feedback special- 


NEUROLOGIST MOLDAVER: 
A transducer for the shankbone. 


ists. The progress they reported in new 
instruments to diagnose and treat dis- 
ease was exciting. But the panel’s dy- 


STANFORD RESEARCH’S LEE: 


Sometimes less control is cheaper. 


namic Britton Chance made this sober- 
ing point: “Real progress in medical 
electronics will only come when the 
‘hybrid’ with special training can be 
sure of a market for himself. He’s 
got to be a biologically oriented sys- 
tems engineer. The salary level has 
been too low to attract top engineers 

Straightforward automatic control 
members of IRE got their licks in a 
special three-hour session during the 
first day of the meeting. An outstand- 
ing contribution was made by L. B. 
Wadel of Chance Vought Aircraft in 
a paper on the use of integrators as 
storage elements for the signals in sam- 
ple data handling systems. In general, 
the session indicated that radio engi- 
neers are analyzing servos to achieve 
finer and finer levels of precision. 

The zealous IRE interest in auto- 
matic control reached its peak in the 
Waldorf’s sumptuous Starlight Roof 
on Tuesday evening, March 22. Close 
to 500 foresook nearby lures to hear 
Dr. Gordon Brown moderate a panel 
discussion of “Trends in Automatiza 
tion of Procedure and Processes in 
Business and Industry.” The speakers 

an executive, engineer, editor, and 
sociologist—offered a broad-gauge view 
of this active subject. 
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LABS ON WHEELS 


ze 


ed 


MOBILE INSTRUMENT EX nie: 


& 


Five tons of measurement and control instrumentation are 
now touring the country in Consolidated Engineering Corp.’s 
sleek trailer. The vehicle has its own 25 kw generating plant. 
It plans 125 demonstrations along its 25,000-mile route. 


Armour Research Foundation rivals Consolidated’s show with 
a 28-ft van packed with data-analysis equipment. First assign- 
ment for this mobile laboratory equipment will be to evaluate 
a rock crushing machine in a Racine, Wis., quarry. 


Big Marriage Slated 
in Control Field 


With the imminent merger of Rem- 
ington Rand and Sperry Gyroscope, 
one of the most important marriages 
in the computer control field will take 
place. Involved in the stock shuffle 
are 3} shares in the new company (so 
far unnamed) for each Sperry share 
and 2 shares for each RemRand share. 


Control Conferences 
And Computer Clinic 


The National Industrial Conference 
Board and the Stanford Research In- 
stitute have joined hands to sponsor a 
national symposium on “Electronics 
and Automatic Production,” Aug. 22 
and 23 in San Francisco. More than 
two dozen papers will range from 
assessing sociological developments 
that attend automatic production to 
down-to-earth product design. 

Concentrating on engineering de- 
tails, Purdue will sponsor a conference 
on systems engineering, July 25, 26, 
and 27. Directed by the school of 
electrical engineering, with the coop- 
eration of midwest industries, the 
meeting will emphasize automatic con- 
trol in industry. Sessions will be de- 
voted to computers and simulators in 
control systems, recent advances and 
applications of network and informa- 
tion theory, and the relationship of 
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certain properties of error-sensers to 
system design. 

Completing the summet’s _inter- 
change of ideas, the Instrument So- 
ciety of America plans to add a com- 
puter clinic to its Sept. 12-16 show 
in Los Angeles. W. J. Conner, Brown 
Instruments Div., Minneapolis-Honey- 
well Regulator Co., will be clinic chair- 
man. 


Important Moves 
by Key People 


PDaniel G. Russ, formerly senior proj- 
ects engineer for Bendix Products 


Poniatoft board chairman of Ampex. , . 


Div., now is general manager of a new 
Aviation Div. of CDC Control Serv- 


ices, Inc. 


> James I’. Gordon, the new chief de 
velopment engineer of Helipot Corp., 
formerly was chief engineer in the 
Berkeley Div. of Beckman _Instru- 
ments, Inc. He also has been princi- 
pal research engineer of Bendix Radio. 


> William Wockenfuss, who has been 
named assistant vice-president of engi- 
neering of Burroughs, Corp., will con- 
tinue as vice-president of engineering 
of Control Instrument Co., a Bur- 
roughs subsidiary. 


. . . and Long succeeds him as president 





SR-4 LOAD CELLS 
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Baldwin SR-4 System indicates and continuously totalizes ore 
loads in the crane cab (above). The operator has a continual 
check on the load being carried by the clamshell. 
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Department 3265 

Baldwin-Lima-Hamilton Corp. 

Philadelphia 42, Pa. 

(In Canada: Peacock Bros., Ltd., Montreal, Quebec) 


[_] #4301 (SR-4 Load Cells and Loan Beams) 
(_] #4304 (SR-4 Crane Scales) 
[_] #4305 (SR-4 Platform and Track Scales) 
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PACKAGED PRECISION 


SB 


MEASUREMENT 


At Alabama State Docks this Heyl & Patterson crane... 


unloads ore faster by using 
SR-4' automatic weighing system 


Baldwin’s “‘Packaged Precision Meas- 
urement” can cut your ore handling 
costs. That’s been proved at the 
Alabama State Docks, Mobile, 
Alabama. There a Heyl & Patterson 
unloading crane is using Baldwin SR-4 
load cells and recorder to weigh elec- 
trically clamshell buckets of ore. 


This Baldwin SR-4 automatic weigh- 
ing system benefits this user three ways: 


1. Faster handling: The bucket does 
not have to be stopped to determine 
weight since its weight is being con- 
tinuously measured by two 20,000 
pound load cells in the sheave block. 
More ore can be handled by the 
unloading equipment each shift, re- 
ducing handling costs. 


2. Easy operation: A large indicator 


dial in front of the operator tells 
him when to add the weight on the 
totalizing counter. The indicator 
totalized the weights measured by 
two distant SR-4 Load Cells and 
zeroes out all but net weight of ore. 


. Low maintenance: SR-4 Load Cells 
have no moving parts to wear out. 
They are sealed against air-borne 
dust They are giving accurate, de- 
pendable service. 

Baldwin SR-4 Load Cells can solve 
your weighing and force-measuring 
problems. Write for our new Bulletin 
4301. It’s loaded with detailed informa- 
tion on typical applications and instru- 
mentation for these unique devices. It 
tells you how to use them for local or 
remote indication, recording, signaling 
or process control. Use coupon today! 


Eddystone Division 
BALDWIN-LIMA-HAMILTON 
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Olson division engineer of Motorola 


Graham heads Lear engineering unit 
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> Amold Tustin has been named to 
the chair of electrical engineering at 
Imperial College, London. 


> Roy H. Olson will pilot the Indus- 
trial Products Dept. of the Communi- 
cations Electronics Div. of Motorola, 
Inc., as director of engineering in that 
division. He joined Motorola in 1951 
in the Phoenix Research Laboratory. 


> Harold R. Larsen, vice-president of 
Servomechanisms, Inc., has been 
named general manager of the Eastern 


COMPUTER ROUNDUP 
Ford’s Sad Celebration 


On March 12, just a month before 
Ford Instrument Co. celebrated its 
40th anniversary, its founder, Hanni- 
bal Choate Ford, died at his Kings 
Point, Long Island, estate. A fitting 
memorial was a company miuseum 
displaying Ford’s most notable inven- 
tion, the world’s first naval gunfire 
computer (see cut). First tested by 
the U. S. Government in 1917, it later 
revolutionized war at sea. Among his 
other important contributions were 
the first automatic tracking bomb- 
sight, the first anti-aircraft computer 
and gun pointer, an automatic com 
puting sight for airplane machineguns, 
and the gyroscope that he helped EI- 
mer A, Sperry develop back in 1909. 

Five years after the gyroscope proj 
ect, Ford formed his own company, 
which is now a division of Sperry 
Gyroscope Co. Throughout his life he 
was a creative electrical engineer—an 
interest that was evident from the elec- 





Continued on Page 22 


and Western Divs. He joined the 
company in 1938 and since 1952 has 
been manager of the Western Div. 


> Dunstan Graham has been ap- 
pointed section head of flight control 
systems in the instrument engineering 
group of Lear, Inc., in Grand Rapids. 
Most recently with Wright Air Devel- 
opment Center, Dayton, he also has 
been a research project engineer at 
Cornell Aeronautical Laboratory and 
aerodynamicist at Boeing Airplane Co. 


This computer revolutionized war at sea 


And this one, almost 40 years later, may 
accelerate a new supersonic air age 
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For those electro-hydraulic servo systems which 
require valves of high dynamic performance, re- 
liability, small size and low weight, Moog units have 
achieved recognition as the industry standard. 

And now, for those systems in which the fluid 
contains entrained iron, Moog has developed the 
Model 2000 Servo Valve. These units feature a dry 
solenoid which eliminates the possibility of torque 
motor contamination due to magnetic particles. 
These valves comply with requirements of MIL-H- 
5440A and are smaller and lighter than other Moog 





units of the same flow capacity. 

Moog Valves, including Model 2000, are propor- 
tional type, electrically actuated, hydraulic, four- 
way valves featuring high dynamic response, sensi- 
tivity, linearity, and reliability. Production models 
are designed to operate in hydraulic systems of from 
1000 to 3000 psi pressure. Rated output flows 
from 0.1 to 50.0 GPM for control currents of from 
2.0 to 40.0 milliamperes as specified are available 
in production units. 

Conventionally the valve input is from a balanced 
push-pull DC amplifier and the valve flow output 
is applied to a piston or hydraulic motor. An electric 
signal proportional to piston position or motor 
angular rotation is fed back to the amplifier to give 
a closed servo loop. 

Typical applications for these units are in servo 
systems used for guided missile and aircraft flight 
controls, radar scanner actuation, contour following 
machine tools, and automatic packaging equipment. 


For details write for Bulletin 2000-2 


MOOG VALVE CO., INC. | EAST AURORA, N. Y. 
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tric window-openers, special lighting, 
and spiral elevators in his homes. On 
the lawn of his Kings Point house a 
giant bronze eagle turns to face ap- 
proaching ships, and at the touch of a 
button emits a recorded eagle scream. 


Monsanto Gets First 702 


Monsanto Chemical Co. became 
the first customer for IBM’s huge 702 
electronic data-processing machine. 
The equipment, just delivered to St. 
Louis, will soon take over the task of 
computing Monsanto’s 1,200 monthly 
cost reports. In 30 sec it can handle a 
report that would take an accountant 
2 hr to process. 





Speeds Ram-Jet Tests 





Marquardt Aircraft Co. now expects 
to assay its ram-jet tests three times 
as fast as before, thanks to a $160,000 
electronic data processor installed by 


Consolidated Engineering Corp. ‘The 
system converts 400 instrument read- 
ings per sec into digital data and stores 
them on magnetic tape. 


Supersonic Simulator 





Air cadets can now enjoy all the 
thrills of supersonic flight without 
leaving the ground. The U. S. Air 
Force has installed its first supersonic 
flight simulator, the F-100A, made by 
Westinghouse Air Brake Co. ‘The ma- 
chine consists of seven major assem- 
blies and five electronic computer 
racks, occupying a total space of 47 
by 18 ft. 


Titillates Toy Fair 





The world’s “smallest almost-auto- 
matic computer” made its debut at 
the New York Toy Fair. It is a parts 
kit, which can be assembled by 
youngsters into the Geniac, a com- 


puter that performs arithmetic, solves 
logical problems, decodes messages, 
and even plays tic tac toe. Geniac’s 
brainfather is Oliver Garfield, a 27- 
year-old teacher who developed his 
machine with the help of New York 
consultant Edmund C. Barkley. In 
addition to being uncommonly small 
and simple, Geniac is inexpensive as 
computers go—only $15.95. 


Computer Courses 





The Computation Laboratory of 
Wayne University plans four consecu- 
tive week-long summer cram courses. 
Starting June 6, they cover: (1) Elec- 
tronic Computers, Business and Engi- 
neering Applications; (2) Automatic 
Data Processing; (3) Mathematical 
Programming of Management Prob- 
lems; and (4) Numerical Methods and 
Advanced Programming Techniques. 
For further information write to A. W. 
Jacobson at the laboratory in Detroit. 


There will be 150,000 sq ft of space in Minneapolis-Honeywell’s $1,750,000 factory in Morton Grove, consolidating Chicago operations. 


Around the 
Business Loop 


>» Norden-Ketay Corp. has acquired 
Acragage Corp. Production of Acra- 
gage’s quality pressure and vacuum 
gages will be supervised by Robert F. 
Carleton, general manager of the New 
York City and Hawthorne, Calif., 
plants. (Norden-Ketay’s 1954 net sales 
totaled $9,086,453, down somewhat 
from 1953. Its net profit was $1,002,- 
992 or $1.01 a share.) 

> Hycor Companies of California and 
Puerto Rico have been taken over by 
International Resistance Co. but will 
continue to operate independently. 
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> Quality Control Engineers, Inc., 
which will establish quality control 
systems and conduct evaluation §sur- 
veys for aviation and electronics, has 
been formed in Los Angeles. 

> Texas Apparatus Co. of Houston, a 
new company, brings to the southwest 
for the first time an engineer-producer 
of electrical distribution apparatus, 
process control panels, materials han- 
dling equipment and specialty fabrica- 
tions. William E. Brice is president. 

> General Controls Co. will buy the 
Controls and Instrument Div. of Per- 
flex Corp. For the present, the divi- 
sion will operate under the Perfex 
name with no change in management. 


> Penn Industrial Instrument Corp. 
has become a division of Burgess-Man- 
ning Co. Former Penn President Wil- 
liam C. Bennett, elected vice-president 
and director of Burgess-Manning, will 
manage the new division. 

> A systems engineering group to act 
as electronics consultant to industries 
concerned with automatic production 
and quality control has been formed 
by Du Mont Laboratories. Projects al- 
ready in view include the design of 
automatic test and control systems for 
oil and gasoline refineries, and for 
production of metal alloys, metal ca- 
bles, plastics, paint, electrical and elec- 
tronic products. 





OUTPUT 


MAGNETIC SERVO 


AMPLIFIERS 


Self Saturating 
With Half-Wave Control 


The use of half-wave circuits with their inherently high 
speed of response enables these amplifiers to be used in 
systems with required bandwidths of up to 20 cycles per 
second. System stabilization and compensation are ob- 
tained by using feedback techniques adaptable only to 
high speed half-wave circuits. 


Standard units are hermetically sealed with gain and 
compensation fixed for a given system. Units with adjust- 
able gain and compensation also can be supplied. Write 
today for special literature. 


Feepeack Conrrots, Inc. 
1332 NORTH HENRY ST., ALEXANDRIA, VIRGINIA 


SYSTEMS 


NOT THIS 


STANDARD UNITS WILL DRIVE THE 
MARK 7, MARK 8 AND MARK 14 
SERVO MOTORS. 


Output Stages are also available to drive 
the above motors as well as 5 watt 60 
cycle motors. 


TYPICAL SPECIFICATIONS (Mark 7 Unit) 


Input Impedance 10K 

Response Time (100% Output) ——.005 sec 
Power Frequency—— 400 cps + 5% 
Voltage——115 volts + 5% 
Temperature— —55c to + 80c 

Power Gain——1.1 x 10° 

Weight——2 Ibs. 


TYPICAL APPLICATION 

30:1 gear ratio to Control Transformer load 
Damped Nat. Freq. 20 cps 

Velocity Constant—— 300 deg/sec/deg. error 
Torque Gradient——25.2 in oz/deg. error 


Complete Computer Packages For Industrial and Military Applications 


@ Velocity Servo Systems 
@ Position Servo Systems 


@ Two Speed Synchro Systems 
@ Special Purpose Servo Systems 





PRODUCTS 
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Diviac Mag. Amplifiers 


Servo Amplifiers 


Gear Heads Mech. Assemblies 
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7 SINCE 1915 LEADERS IN AUTOMATIC CONTROL 








ANALOG TO 
DIGITAL CONVERSION 
in less than 45 cubic inches 


In an aircraft navigational system, input information (such 
as compass headings, speeds, etc.) is received in analogs. 
The Ford Instrument Company engineers recently had a 
problem which required the presentation of this informa- 
tion in digital forms. Along with this was the physical 
problem of weight and size minimization. An Analog- 
Digital converter was developed which solved the problem. 
This unit occupied less than 45 cubic inches and required 
only line voltage with no special power supply. 


This is typical of the way Ford Instrument engineers 
solve problems in the computing and control field. For 
forty years Ford has been pioneering techniques in servo- 
mechanisms; developing, designing and manufacturing 
systems and components to solve the complex problems 
of automatic control. Should you have a problem in control 
engineering it will pay you to talk to one of the Ford 
Instrument Company engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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| WHAT’S NEW 





| SAFETY FIRST: Scottdale, Pa. plant of 

| Robertshaw-Fulton Controls Co. took a 

| first place in a nationwide industrial safety 

| contest. Holding plaque are, left, A. J. 
Stinebiser, plant superintendent, and Steve 
Hollis, president of Scottdale Local 3964, 
CIO-United Steel Workers. 


> Universal Winding Co. has estab 
lished a Nuclear Engineering Depart 
ment in Jamaica, N. Y. Dr. Cecil B. 
Ellis, founder and former president of 
Atomic Power & Chemicals Corp., 
will head the department as director 
of nuclear engineering. 


Pm Abstracts of current articles and 
books about electronic data processing 
are being carried in Canning, Sisson 
& Associates’ Data Processing Digest. 
The new service is $24 a year. 


> Mock-ups of new aircraft models 
will be shown in the new engineering 
controls laboratory going up at the El 
Segundo, Calif., Div. of Douglas Air- 
craft Co. The laboratory will contain 
an electronic computer for developing 
and analyzing aircraft flight and fire 
control systems. 


| ® Magnavox Co. plans to expand its 
| new research laboratories in West Los 

Angeles and has appointed Dr. Ragnar 

Thorenson, who directed work on the 
| SWAC digital computer at U.C.L.A., 
and Dr. John Salzer, formerly with 
M.I.T. and Hughes Aircraft, director 
and assistant director of research, re 
spectively. 


> Minneapolis-Honeywell will build 
the monitoring and recording equip- 
| ment for the control system of the 
chemical processing plant at the 
AEC’s national reactor testing station. 
Radiation detectors and ion chamber 
units are included in the order. Blaw- 
Knox, chemical plants div., Pittsburgh, 
Pa., is the design engineer. 
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Send for this New" 
Bulletin Today 


SALES OFFICES: The Superior Electric Company 
1436 N. Serrano Avenue 


The Superior Electric Company 


605 Reynolds Avenue, Bristol, Conn. 
Please send me POWERSTAT Bulletin P355G 
| P.O. Box 48, 721 So. Boulevard 
Hollywood 27, California Oak Park, Illinois 
P. O. Box 946, 1246 Junipero Ave 
Redwood City, Cal Medina, Ohio 
453.-A Eglinton Ave., West, Rm. 202 
Toronto 12, Ontario, Canada | 


P.O. Box 132, 250 So. Court St. 


4515 Prentice St., Rm. 202 
Dallas 6, Texas 
REPRESENTATIVES 
Bury! R. Hill Company 
19481 James Couzens H'w’'y. | 


Fred H. Haight Company 
Detroit 35, Mich 


3212 Eastloke 
Seattle 2, Washington 








Here’s a machine that can auto- 
matically assemble any unit calling 
for standard electronic components 
—including tube sockets and I.F. 
cans—on a printed circuit card. 
Autofab gives you fast, low-cost pro- 
duction of complex assemblies, and 
it offers many unusual features: 


SELF INSPECTING! Besides turning 
out completed circuits at remarka- 
ble speed (1,200 per hour), Autofab 
does its own “‘inspecting”’ and refuses 
to pass any but perfect mountings. 


FLEXIBLE! The length of the machine 
can be varied to fit production 
needs. And switching from one cir- 
cuit assembly to another is a fast, 
easy job. Autofab assembles com- 
ponents flat against the boards with 
leads bent in any direction, or offsets 
them from the board—or both. 


COMPONENTS EASILY HANDLED! 
Autofab feeds components individu- 
ally from big 8-magazine turrets. 
Polarized components are kept in 
alignment automatically. 


NO MOUNTING OF CIRCUIT CARDS! 
Autofab positions cards accurately 
with no lost motion. 


EASY TO INSTALL! Standard electric 
power and compressed air are all 
you require to power Autofab. And 
its simple mechanical linkages are 
easy to maintain. 


Full details on Autofab will be gladly 
sent on request to Dept. C-7, Mechanical 
Division of General Mills, 1620 Central 
Avenue, Minneapolis 13, Minnesota. 


Autofab is a G.M.I. trademark 
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THIS 24-HEAD AUTOFAB MACHINE is now at work for IBM helping to 
produce printed circuit assemblies for use in air defense computers. 
Other models are now available for producing circuits used in radios, 
television sets and other electronic devices. 


MECHANICAL DIVISION oF General Mills. Ine. 


Job opportunities available for creative engineers. Work closely with outstanding men on interesting projects. 
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PERFORMANCE IS BUILT 
INTO THIS CHOPPER 


Painted case resists corrosion and is hermetically sealed to the base 


so that this chopper operates reliably in any atmosphere from sea level 
to 50,000 feet. 


Permanent magnet polarizes switching to provide phase sensitive 


mechanical modulation of low-level signals. 


Drive coil is conservatively rated for 6.3 volts RMS + 10% at 400 
CPS + 5%. 


Vibrating reed is resonant well above operating frequency to assure 


that switching phase of 65 degrees remains within + 15 degrees for 


all operating conditions. 
Buffer plate counteracts any tendency to chatter at make and break. 


Ceramic insulators provide at least 100 megohms between contacts 


and case for use in high-impedance circuits. 


Wiping action on fixed contacts, as ‘in all Airpax choppers, help assure 
rated life of 2,000 hours. 


Miniature 7-pin tube-type base rigidly supports internal assembly of 


this Airpax Type 300 chopper so that it withstands shock and vibration. 


For complete specifications write to 








PropucTs 
COMPANY 


MIDDLE RIVER BALTIMORE 20, MD. 
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Valparaiso, Indiana, April, 1955 — The Indiana Steel 
Products Company, world's largest manufacturer of permanent magnets, 
has released information on the development of an important new 
product...a one-piece wound core. 





Called the "Hyflux," its applications are the same as conven— 
tional C-type cores...distribution, welding, X-ray, lighting, and 
special transformers and saturable reactors. 


The one-piece core consists of just one piece foe instead 
of two pieces c 2) as in the conventional C-type cores. 


Because the one-piece core has but one air gap, instead of two, 
there is definite improvement in performance...and exciting current 
is normally lower, often by a significant amount. Vacuum impreg-— 
nating is not necessary (only the sides of one-piece cores are 
varnished) and resulting electrical losses are eliminated. 


Manufacturers using the new cores find that the simplified one-— 


piece design cuts down assembly time, and permits important assembly 
cost reductions. 


With C-cores, the two halves must be kept and used together to 
insure a flush fit of their ground pole faces...with one-piece cores 
there is no chance of mixing different pairs of halves. Nor is 


there the slight "tilt" sometimes present on the ground pole faces 
of C-cores. 


Substantial manufacturing economies resulting from the new 
design are reflected in the price of the one-piece core. 


So convinced is Indiana Steel that its new core will benefit 
transformer manufacturers that it has entered the magnetic core 
field...after 46 years of specializing in permanent magnets. 


Hyflux "one-piece" wound cores are now available in the 
more popular 12-mil standard core sizes. You are invited 
to write for descriptive literature to: The Indiana Steel 
Products Company, Dept. P-5, Valparaiso, Indiana. 
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How Kemp assures round-the-clock 
operation at Spencer Chemical 


The Spencer Chemical Co., Charlestown, 
Ind., operates 24 hours a day, 7 days a week, 
making nitrogen compounds for the fertili- 
zer industry. Heart of this operation is the 
master instrument board that controls all 
plant processes. These instruments are op- 
erated by compressed air, which must be 
dried to prevent rust and corrosion within 
the controls. 


Kemp Offers Continuous Protection 
Spencer uses a Kemp Oriad Dryer to dry 
all the air required and completely protect 
the delicate instruments from moisture 
damage. Since its installation in 1950, this 
Kemp unit has needed no service of any 
kind. And Spencer is delighted with Kemp’s 
ease of operation! Mr. N. S. Whitaker, 
Works Manager, commenting on Kemp’s 


“most satisfactory service,” says, ‘‘Opera- 
tion is simplicity itself. All we have to dois 
switch a lever once a week. Capacity is 
ample for one week of maximum flow, on a 
24-hour 7-day operation.” 

Kemp Dryers for Every Purpose 
Kemp offers a variety of dryer models to 
meet all problems. Designed to dry air to 
sub-zero dew points at low cost, these effi- 
cient dryers embody the engineering know- 
ledge gained from Kemp’s many years of ex- 
perience. They are available with manual, 
semi-automatic, or fully automatic tower 
reactivation. In addition, Kemp will pre- 
scribe the proper desiccant for each specific 
drying job. If you have a problem involv- 
ing the drying of air, gases, or liquids, 
contact Kemp engineers now. 


Only operation required on 
Kemp Oriad Dryer is moving 
lever once a week to switch flow 
of air to second column. First 
column is reactivated by heat 
during the week. 


For more complete facts and technical infor- 
mation, write for Bulletin D-27 to: THE C. M. 
KEMP MFG. CO., 405 East Oliver Street, 
Baltimore 2, Md. 


DYNAMIC DRYERS 


CARBURETORS « 


METAL MELTING UNITS - 


BURNERS « 


FIRE CHECKS 
INERT GAS GENERATORS 


SINGEING EQUIPMENT 
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STEADILY, 
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AUTOMATICALLY, with LES | k Fd 


No need for costly, complicated two-stage reducing 


stations when you handle high pressure drops with PRESSU RE REDUCI AG 


Leslie Pressure Reducing Valves . . . ideal for 
steam heating installations or for process reductions. VALVES 
Leslie design, materials and workmanship have 


proved successful for more than 55 years in all @ Fer St Air, 6 
kinds of industrial heating applications. The single- OF EM, Sl, WES 


seated, internal pilot, piston operated construction of . 99% Accuracy of Regulation 
Leslie regulators can handle pressure drops up to 1500 psi 


and higher and are being used successfully in @ Instant Reaction to Flow Change 
i tati —-_ * . 
pressure generating stations all over the U.S © Stellited Seating Surface 


@ Positive Dead-End Shut-Off 
@ Interchangeable Parts 





Send for the bulletin described below today. 


TYPICAL RANGES 
INLET REDUCED 
BODY MATERIAL SIZES STEAM PRESSURES PRESSURE RANGE 
Cast Iron 3¢”-6” 25-250 2-35 
Cast Iron 3g”. 6” 25-250 10-235 
Cast Bronze 3g”.4” 25-300 2-35 
Cast Bronze 35”. 4” 25-300 10-285 
Cast Bronze 5”-6” 40-300 5-35 
Cast Bronze 5”-6” 40-300 20-275 
Cast Carbon 3g”.3” 300-750 100-600 
Steel & Cast 
Alloy Steels 3°.3” 300-1500 100-600 
BULLETIN 5302 
Provides latest engineering data 
on all classes of Leslie Pressure 
Reducing Valves—assists you in plan- 
ning and specifying for optimum 
performance. Yours on request. 





LESLIE CO., 211 Grant Avenue, Lyndhurst New Jersey 
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STEPPERS 


The new electrical reset 

These new Guardian developments have already P.E.R. stepper operates 
earned an enviable reputation for dependable up to 20 steps per second. 
performance. Each unit is a “‘best seller” to impor- Soee Semen Sree 
‘i dind ial Such f Guardian are various 

tant military and in ustrial users. Such preference add and subtract, con- 
should justify your selection of these and other tinuous rotation, electrical 
associated Guardian controls. reset, pulsing, ratchet and 


other types. PER STEPPER 
“Write~ tor NEW GUARDIAN CATALOG NO. 11 


GUARDIAN WELECTRIC 


1623-E W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN EnODUSTRY 
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A-NP'S NEW iuniveEeRsatr, 


PATCHCORD PROGRAM MIN CG 
=> bs — a BG ML S » one of whieh is shown above 


are clesigned especially for programming required on 
@ Analog Computers @ Data Pro-essing Equipment 
@ Digital Computers @ Test Equipment 


@ Automatic Control Equipment and similar devices 


These units incorporate many new design features that assure reliable programming for 
the most critical applications. They are now available with 240, 816 and 1632 contacts. 
This is another example of A-MP's ingenuity in new product research and design—to , 
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AIRCRAFT-MARINE PRODUCTS, INC. 
2100 PAXTON STREET, HARRISBURG, PENNSYLVANIA 


Ir Conadé 
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PROGRESS REPORT... 


SINCE OUR ANNOUNCEMENT IN FEBRUARY 1953 OF THE FIRST SUCCESSFUL 
TRANSISTOR-MAGNETIC SERVO AMPLIFIER, WE HAVE DEVELOPED A LINE OF 
STANDARD, AND MINIATURIZED CONTROLLERS. These .. . 


Servo Magneties 


wady— now ar standard 
components for your serwe looped. 


Their versatility and reliability is such that they can be used 

as standard components, like a servo motor or autosyn. No 

damping tachometers or power supplies are required. There 

are only six connections: 2 for input, two for output, 2 for 

117 V. 400 cps. Precise regulation of line voltage and fre- 

quency is not necessary. Often the nameplate carries full 
MODEL 420-B _ opplications data, and system connections. 


Transistor-magnetic circuit- 
ty driving the MK 14 Mod 
© motor. Small size, light 


a Sea oe THESE AMPLIFIERS HAVE RADICALLY NEW 


Designed initially for re- 


ae eS CHARACTERISTICS... 


miniaturized airborne com- 


gating Seep. @ ZERO STABLE WITH LINE VOLTAGE, 
TEMPERATURE AND FREQUENCY. 


@ POWER SUPPLY—400 CPS LINE ONLY. 
MODEL 456-B ® BUILT IN SERVO LOOP STABILIZATION. 


po ge cow greta @ HERMETICALLY SEALED AND POTTED. 


in reliability the mag out- 


EXx10%, Zero stoble to 71% @ MINIATURIZED AND LIGHT WEIGHT. 
C! Developed for potenti- 
ometer follow-up, but 
works equally well with 
synchro data. For MK? 
Med © moter. Bypass costly development time and de- 
livery delay in your systems work with 
these time-tested amplifiers. Whether 
standard or special, meticulous production 
techniques insure complete reliability. De- 
livery on special prototypes is prompt, 
because of our backlog of engineering 
designs. These amplifiers are backed by 
a continuing research and development 
program. 


MODEL 465-B 


All mag circuit for MK7 
Mod O motor. Full output 


contol, Sopplied with con- SERVO AMPLIFIER 


trol windings for any cur- 


disconnect tectwoers ond TyPe 4208 SER 








sealed octal header. 





ERROR GAIN SET 
SIGNAL = wESiSTOR 
200 
ow 








O mks mon 0 


May we put our engineering staff and pro- INDUSTRIAL CONTROL COMPANY 


duction group to work with you on your WYANDANCH LI.NY 
automatic control problems? WN. 





HARDENED ..4 GROUND 


DOUBLE ENVELOPING WORMS 
and Worm Gears 


The Vard-designed worm grinder now makes 
it possible to produce steel double enveloping 
worms which are ground after carburizing 
with a contour that cannot be matched by any 
other method. Carburizing the rough blank 
also produces a surface hardness of over 60 
Rockwell C scale with a depth of .025 to .035 
of an inch on the finished worm. The finish 
maintained is 16 microinches RMS or better. 
The carburized steel worm also offers high 
resistance to fatigue failures due to the 
pre-stressed surface. 
INTERCHANGEABILITY 
The teeth of the worm gear are cut by a hob 
which is ground using the same machine setup 
as that used to produce the worm. This method 
results in interchangeable parts rather than the 
lapped, matched sets produced in other types 
of manufacture. 
HIGH EFFICIENCY 
The accuracy attained by the exclusive Vard 
process provides a combination of true geom- 
etry and surface hardness that assures higher 
efficiency for longer periods of time than com- 
parable gear sets fabricated by other methods. 
ACCURACY AND CONTROL 
Backlash may be controlled to within .0005 of 
an inch or less, if necessary, which makes Vard 
worm and gear sets ideal for instrument and 
control drives. 


CUSTOM DESIGN SERVO OR MINIATURE 
At present Vard is equipped to manufacture ec. CONTROL COMPONENTS 
worm and gear sets in any quantity in a range ; 
of center distances from 1 to 8 inches. 


For further information, write for Engineering 
Data Booklet No. 1002. 


Vard, Inc. 2981 East Colorado Street 
Pasadena 8, California 


FIRST in custom gearing | -= Sg 


YARD 
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UNREGULATED LINE VOLTAGE 


TYPICAL RECORDING FROM A LINE VOLTAGE VARIATION SURVEY: 

The chart at the top is representative of the average line voltage of stable voltage are often followed by periods of violent transient 
condition found in a comprehensive survey of commercial and fluctuations and/or large, gradual swings. The bottom chart, re- 
industrial establishments. A tracing at the same point made at corded at the same time, shows the output voltage of a Sola Constant 
another time might show entirely different conditions, since periods Voltaye Transformer fed from this line. 





SOLA REGULATED LINE VOLTAGE 


End Fluctuating Line Voltage Handicap 
to Reliable Product Performance 


Where line voltage fluctuations impair the performance of voltage-sensitive TYPICAL CusTom-penieeenn 


electronic equipment, Sola Constant Voltage Power Transformers often provide SOLA POWER TRANSFORMERS 
a simple, economical solution. Stock or custom designed units are available. 


The Sola regulator has no moving parts and requires no manual adjustment 
or maintenance. Operation is automatic with response time 1.5 cycles or less. 
Regulates as close as +1% with line voltage variations as great as 30%. 


To meet special load requirements or service conditions, units can be custom- 
designed for production quantity orders. Variations available for special-order 
work include: 


Capacity ranges from a fraction of a va to 30kva 

Wide variety of voltage inputs and outputs 

Frequencies other than 60 cycles 

Provisions for wide ambient temperature ranges 

Structural features for installation as a component 

Premium mechanical features for military service and other special duty 


The cost of Sola voltage regulation may be far less than you anticipate for 
two reasons: 1) installation of a Sola unit eliminates the need for the conventional 
non-regulating power supply transformer and any regulating components which 
you may currently use ...2) your requirements may be satisfied by a stock 
unit or custom design already on file. A Sola sales engineer is always available 
to discuss your voltage regulation requirements with you. 


Consiand box Write for Bulletin 26E-CVES 
for facts on the complete line of Sola 
Constant Voltage Power Transformers. 


TRANSFORMERS 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment ® ya tg TRANSFORMERS for All Types of Fluorescent ond 

Mercury Vapor Lamps. e SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Ilinois, Bishop 2-1414 . BOSTON: 272 Centre Street, 

Newton 58, Massachusetts © NEW YORK 35: 103 East 125th Street © LOS ANGELES 26: 2025 Sunset Bovievard © PHILADELPHIA: Commercial Trust 

@ CLEVELAND 15: 1836 Euclid Avenve © KANSAS CITY 2, MISSOURI: 406 West 34th Street © TORONTO 9, ONTARIO: 617 Runnymede Road 
Representatives in Other Cities 





SPECIFICATIONS 


INPUT 
20 to 35V DC 
at approx. 5 m.a. 


OUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —.02% from —65° to + 85°C. 


Type R2007T 
+ —.002% from + 15° to + 85°C. 


Type W2007T 
+ —.005% from —65° to + 85°C. 
OUTPUT VOLTAGE 
5 volts, sine wave. 
Substantially uniform . 
from —65° to + 85°C. Kk 
LIFE EXPECTANCY 


several times that of vacuum tubes 


INTERNALLY SHOCK MOUNTED 
on Silastic 


MAGNETICALLY SHIELDED 


HERMETICALLY SEALED These units, which are the result of several years of development 


OCTAL BASE and testing, offer a new standard of simplicity and reliability. 
SIZE . . . . . 

de> o ar tale Particularly noteworthy is the uniformity of output signal voltage 

WEIGHT with temperature change. Small size and light weight make them 


7 ounces ideal for airborne and portable use. 











F ae ; , 
COMPLETE INFORMATION ON REQUEST or applications where only higher B voltages are available, a 
PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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There are Qualities 


Behind annin VALVES 


you'll never find 
TaMeiaalit-tilelal-5 





EXPERIENCE 
Ry 


ANNIN pEVELOPED AND 


SPLIT BODY 


The Annin split-body design has 
given Industry new standards in 
control valve construction: 
lower body pressure loss, greatly 
reduced erosion, greater range- 
ability, longer life and reduced 
maintenance. 


cuT 
INVENTORY 


50% 


WITH 


DOMOTOR OPERATOR 


Out-performs all other pneuma- 
tic valve actuators. They are the 
highest speed, most powerful, 
and provide the best response 
characteristics. Long strokes as- 
sure that all size valves are truly 
hi-lift control valves. 


ANNIN 


4 VALVES 


INTRODUCED: 


TEFLON SEAT SEAL 


The teflon seat seal for absolute 
tight closure, teflon guide bush 
ing to eliminate guide clearance, 
and teflon V-ring packing for 
reliable stuffing-box perform- 
ance were developed and intro- 
duced by Annin. 


| & DEVELOP 


ee 


MENT 





QUALITY 
CONTROL 


DOOLSEAL 


Providing a new high in stuffing- 
box practice, the Doolseal, 
originally developed and intro- 
duced by Annin, assures reliable 
seal for hard-to-handle or toxic 
chemicals without resorting to 
mechanical seals. 


---@nd many others! 


THE ANNIN COMPANY 
6570 East Telegraph Road 
Los Angeles 22, California 





A SHORTCUT 
FOR GETTING 
DATA FAST! 





mSUPER-SLEUTH 
RECORDER R1021-D 


For Analog, Digital and 
“On/Off” Sequential Data... 
in the air or on the ground. 


























LIGHT... COMPACT 
Height: 10” 
Width: 10” 

Depth: 10” 
Weight: 40 Ibs. 


Teledeltos electro-sensi- 
tive chart...high-speed, 


FEATURING: “7 instantly-visible writing 


without ink or moving 


: - iting elements. 
@ Ease of visual readability. ee ee 


@ 212 writing styli unaffected by vibration and shock. 
The Super-Sleuth Recorder R1021-D has many 


commercial and industrial applications in auto- 
matically testing, monitoring, measuring and 
recording data for management evaluation. 


@ Simplified semi-automatic and automatic 
data reduction techniques. 


@ High capacity simultaneous sequential data recordings. 
@ Low cost per channel of recorded data. 
Radiation, Inc. fixed multi-styli recording systems, featuring large data handling 
capabilities, help to economically simplify the solutions to instrumentation problems 


in Aircraft, Missile, Chemical, Mining, Petroleum and other industries. We invite you 
to submit your inquiries and application problems. 


* 


vare won ous oxaus -AUUD- RADIATION, Inc. 
P. O. BOX 37 © Melbourne, Florida 
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PULSE 





Management Eyes 


—Then Buys — Computers 


Computers and data processing face a prodigious future. Last 
summer Stanford Research Institute forecast a twentyfold 
sales growth to $500 million by 1960. Today even this figure 
looks conservative. 

The potpourri of news on recent digital doings hints at this 
future. In November C&O Railroad elected Univac to unsnar] 
its yearly crop of 1 billion pieces of paper. Shortly after, GE’s 
Carbology Division put 2,500 inventory items under the wing of 
an IBM system. ElectroData next installed the Mobilac to 
impersonate a Socony-Vacuum refinery. And Engineering They've put them 
Research Associates recently perfected its electronic central file 
for nationwide CAA air traffic control. | ) 

But even more revealing than this functionally diverse, big- - ee eee 
firm pioneering is the acute, almost aggressive interest in com- 
puter systems by management people in all types and sizes of 
companies from coast to coast. 

This interest in computers came to white heat during a 
recent American Management Association forum in New York. 
Despite the stiff $75 fee, some 1,264 executives from over 600 
different companies grouped for confabs on system planning, 
programming, and performance. The lure: some unvarnished 
user facts aired by people from their own ranks. The semantics 
were unclouded, the economics down to earth. 

What group in management is studying computers? Titles 
of AMA attendees proved one-half were comptrollers, one 
quarter treasurers, the rest mainly systems specialists. They 
came from varied firms, but the concerted interest was obviously 
from banking, insurance, utilities, and transport—industries but from the user 
traditionally harassed by paper work. 

What questions do potential computer buyers ask? AMA 
queries were sharp and to the point. Why did you select the par- 
ticular system you bought? How much does it cost you to 
operate? How much time do you spend in maintenance? What 
future operations do you plan? 

But the recurring and obviously bedeviling question was: 

What type of people will run the computer and do its program- 
ming? Your own employees, or need you drag in trained new- 
comers? The happy consensus was that existing employees who 


to work 


They want the facts 
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MAGNETIC TAPE RECORDING 
helps Road-Test Timken Truck Axles 


An Ampex Model 306 Recorder 
programming axle-test dynamometers 
at Timken-Detroit. 


Magnetic tape recordings are now being used to duplicate rugged 
road-tests at the Timken-Detroit Axle Division of the Rockwell 
Spring and Axle Company, Detroit, Michigan. A four hour tape 
cycle is made of actual road surface and driving conditions . . . 
then played back through torque and speed dynamometers — 
repeatedly — until a test axle breaks down. 

Result: more realistic and efficient testing — better axles for 
today’s trucks, buses and trailers. 


WHY TIMKEN CHOSE AMPEX 


Timken engineers required a recording and playback medium that 
could give near-perfect reproduction of the original road test 
phenomena . . . and would playback indefinitely without 
introducing errors through wear and speed irregularities. They 
found that the Ampex F-M recorder best met these exacting 
requirements. Its extreme stability of tape motion, precise timing 
and consistent accuracy produced laboratory “road-test’ results 
within 1% of actual conditions. 


LET AMPEX STUDY YOUR REQUIREMENTS 


Ampex manufactures the most complete line of magnetic recorders 
for complex and sensitive automation, communication and 
data-handling systems. Why not let Ampex application engineers 
determine what magnetic tape recording can do for you? 


For further information, send for our 16-page illustrated bulletin, ‘‘Data Recording, Machine Control 
and Process Regulation.'’ Contact your nearest Ampex representative or write to Dept. HH-1897 


AMI EX ANOTHER APPLICATION BY THE INSTRUMENTATION DIVISION OF 


CORPORATION AMPEX CORPORATION * 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 


Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland (Washington D.C. area). 


Distributors: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering ¢- 
Equipment, Dallas and Houston; Canadian General Electric Company, Canada. 
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are familiar with company operations are best for the job. 
These could be trained to program a computer in five or six 
weeks. Outsiders, although skilled in the machine, often flunk 
in learning how it fits the company. 

Who will maintain the complex computer facility is more 
of a moot question. Some management makes no bones about 
the need for outside specialists here. Allstate, for example, has 
hired a man with a physics degree to keep up its Datatron instal- 
iation. 

Management knows enough today to be sharply critical of 
existing computer equipment. Principle gripes—aside from the 
universal lament about high cost—seem to hover about access 
time and related aspects of data storage. One claim is that 
drums are too costly for herding large masses of small accounts. 
And tape is generally inconvenient for fast random access. 

One strong fact looms up from the AMA conclave that might 
well guide people who sell computers. The red hot prospects 
are more squinty, less wide eyed. They worry less about what 
they can do with a computer. They swoop right down on 
the equipment itself and ask how it operates. 

A prospecting executive summed it up. “I am sick and tired 
of reading brochures describing the abilities of these computers 
in a very strange language and listening to people trying to get 
me to sign an order or letter of intent when the machine is 
still on the drawing board. It is a strange and new selling tech- 
nique to me. I only wish I could sell our product that way. 
Frankly, I want to see the machine itself, get reliable first- hand 
information, and learn some of the user’s “problems.” 

And if the avid visiting and frank appraisal of today’s pioneer 
computer installations continues, this searching, judicious atti- 
tude can well touch off an avalanche of orders by 1956. 


They’re more squinty, 
less wide eyed 





G.E. MECHANIZED PRODUCTION 
AT LOWER COST...ASSURES 


Both types offer high reliability at temperatures 


‘Tite a close look at the tran- 
sistor values G.E. now offers. 
Because production lines are 
now mechanized, these tran- 
sistors are made in less time 
at reduced cost. Machine 
methods today assure strictest 
adherence to the top quality 
standards demanded of all 


TYPE 2N43A 


a more uniform product. 

In military and commercial 
applications these G-E tran- 
sistors offer precision quality, 
topmost reliability at mass- 
volume prices! 

General Electric’s P-N-P 
junction transistor, 2N434A, is 
the first to be written into Air 


General Electric Germanium Products. 

Mechanization results in CON- 
TROLLED CHARACTERISTICS, re- 
moving any inaccuracy on the part of 
the operator. Narrow limits are built 
into production transistors giving 


Force specifications! MIL-T-25096 
(USAF) was actually written around this 
G-E product which was developed for the 
military. Now it serves an ever-increas- 
ing number of commercial as well as 
military applications. 


TYPICAL USES: Audio and Intercom Amplifiers, 
Servo Amplifiers, Carrier Current Amplifiers, 
Test Equipment, Fuel Gauges. 


DESIGN FEATURES: 


STURDY CONSTRUCTION ... meets critical 
military tests for shock, vibration, 
humidity, life. 


SEALED JUNCTION ...contamination gases 
permanently eliminated! 


SPECIFICATIONS OF THE 2N43A 
and USAF 2N43A 


Absolute Maximum Ratings: 
Collector Voltage 
(Referred to base) 
Collector Current 
Collector Dissipation 


HIGH POWER OUTPUT...case design makes 
possible a collector dissipation of 
150 mw. 


HERMETIC SEAL...unaffected by moisture. 


— 45 volts 
—50 ma 

150 mw 
Storage Temperature 100° C 
Collector Cutoff Current 


LONG LIFE...no change in characteristics 
(—45 volts) 


during life of equipment. 








— 10 microamps 
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MAKES TRANSISTORS AVAILABLE 
CONTROLLED CHARACTERISTICS 


up to 100°C...are now available in production lots! 


HIGH FREQUENCY TRANSISTOR 


A new, revolutionary manu- 
facturing technique, the ex- 
clusive G-E rate-growing 
process, coupled with the all- 
welded hermetic seal, now 
makes possible extralong [| *: 
life, and noticeably-reduced TYPE 2N78 
manufacturing costs by — 

@ Making 2000 or more transistors from one 

rate-grown crystal. 
@ Achieving uniform characteristics in all 2000 


transistors—eliminating wasteful rejects. 


DAD IPE LEE SE LR se ENE PORTS R SIGE RETO Oe 


APPLICATIONS 


For pulse and switching circuits, RF and IF ampli- 
fiers; high-frequency test equipment; telephone 
repeaters. 


SPECIFICATIONS 


Collector Voltage (Referred to Base) 15V 

Collector Current 20 ma 
Emitter Current —20 ma 
Storage Temperature : 100° C. 
High Frequency Gain at 2 mc 13 db 


eC LEELA OE EE REL LLIN LEE EECA oe cre. 


@ For further details on specifications and prices, 
write General Electric Co., Section XX9955,Germa- Billet of germanium is removed from furnace, prior to 
nium Products, Electronics Park, Syracuse, N. Y. cutting into enough tiny pellets for 2000 transistors. 


Progress /s Our Most /mportant Product 


GENERAL @ ELECTRIC 
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SMALL & LARGE 
PILOT VALVE 


DOUBLE SOLENOID 
VALVE 


SINGLE 
SOLENOID 
VALVE 


a 


AIRMATION 
BY VALVAIR 


AIRMATION by VALVAIR — a control 


of components for Automation in air, 


vacuum and hydraulics. 


DIAPHRAGM SINGLE OR DOUBLE SOLENOID 
VALVES, LARGE OR SMALL PILOT 
VALVES — Designed and built to 
J.1.C. Standards. Maximum Speed — 
Life — Range — Durability. 


9 DIFFERENT CONTROL ASSEMBLIES 
with 5 body types and 5 sizes give you 
thousands of different combinations. 


CLEVIS 


ASK FOR BULLETIN Al4 


CYLINDER 


1010 BEARDSLEY AVENUE « AKRON 11, OHIO 


i at i cit Bie 





Representation in: Baltimore ¢ Birmingham ¢ Boston ¢ Buffalo * Charleston, W. Va. 

Chicago © Cleveland ¢ Cranford, N. J. © Dayton ® Denver © Detroit ¢ Eureka, Calif. 

Houston © Kansas City, Mo. ¢ Logansport, Ind. ¢ Louisvilles Minneapolis ¢ S. Pasadena 

Philadelphia © Pittsburgh © Portland ¢ St. Louis © Seattle * San Francisco * Syracuse 
Montreal ¢ Toronto ¢ Vancouver 
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Let’s Pull 





Together - 





Again 


Our March editorial counseled control engineers to support and coordinate the 
activities of existing professional societies rather than to form a new group of their 
own. Reader feedback was immediate, strong, and sustained. ‘This quotation from 
one letter sums up the general feeling: “Let’s not even consider starting a new society. 
There is plenty of room in the present organizations for everybody.” 

The same editorial pointed out the most recent efforts of the existing societies 
to provide new activities that serve the control engineer. We referred to the first 
technical session of the IRE Professional Group on Automatic Control and the 
first divisional conference of ASME’s Instrument and Regulators Division. Both 
events took place this spring. 

Although these events are evidence of new awareness of the control engineer’s 
needs, our editorial did not mention the continuous work of other societies. But 
their loyal members did — quickly and forcefully. A case in point is the conference 
held by AIEE’s Feedback Control Committee last year in Atlantic City. We are told 
that the conference will be repeated, complete with enlarged exhibits of working 
control systems, in the spring of 1956. 

Members of the Instrument Society of America hastened to direct attention to 
services rendered. ISA President Warren H. Brand writes, “The performance and 
plans of ISA are of sufficient importance to deserve the considerable support of 
control engineers.” With a membership including technicians, professional engi- 
neers, and management, the Society “believes that there is a place for all levels of 
technical interest in the broad and expanding field of automatic control.”’ Certainly 
the large number of sessions that ASME, AIEE, and IRE will co-sponsor at the 
Tenth Annual ISA Conference demonstrates a strong cooperative program at a 
professional level. 

Our trial by feedback shows a persuasive reader unity in rejecting thoughts of a 
new society. We should like to see more of this unity in cooperative efforts among 
existing societies. The wholehearted support of the American Standards Association’s 
terminology committee by all technical organizations interested in the terminology 
of our field is a healthy sign. Additional teamwork could show up through cross- 
membership in the professional divisions concerned with control, through combined 
educational programs at national and local levels, and through operational clinics. 
[he results can only be to mutual advantage. 

We repeat — Let’s pull together. 


THE EDITORS 





YOU NEED NO COMPUTER TO 





Graphically Determine 


the Dynamics 


of Heat Percolation 


THE GIST: Consider a pipe that trans- — 
ports a heating or cooling fluid. To per- 
fect a thermal control system incorporat. 
ing the pipe, the control engineer needs — 


to be able to determine its outlet tem- 
perature transient response to: 

P inlet temperature change 

P internal flow rate change 


> variation in heat loss due to changes 
in external flow rate and external tem- 
perature distribution 

> variation in parameters such as co- 
efficients of heat transfer 

Mathematical analysis of the re- 
sponse, although possible, is difficult 
and tedious. However, the piecewise 
response to each disturbance can be 
constructed graphically. Programming 
accounts for non-uniformities and varia- 
tions in parameters. 

This article considers the outlet tem- 
perature response to only inlet liquid 
temperature change. A forthcoming arti- 
cle will show the generalized construc- 
tion for the other disturbances. 
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YASUNDO TAKAHASHI, Professor, University of 
Tokyo, and Fullbright Scholar, MIT 


After a sudden increase in temperature of a liquid 
entering one end of a pipe, the temperature of the 
liquid at the pipe’s outlet does not rise for the time 
required to transport the liquid the length of the 
pipe. This time is called “distance-velocity lag.” 
As soon as the transportation is complete, a hot 
front, attenuated by the cold pipe, pours out. ‘Then 
as each section of the pipe warms, Figure la, the 
outlet temperature rises exponentially to its final 
value along the curve A-B-C-D—in Figure 1b. The 
phenomenon is called “percolation” because similar 
dynamic behavior occurs in material exchange. 

Mechanical engineers first highlighted the phe- 
nomenon in the last century when they discussed 
the heat storage effect of the passage between a 
steam engine’s slide valve and cylinder. ‘The passage 
cools the supply steam and heats the exhaust steam, 
thus decreasing thermal efficiency. Another classi- 
cal example is the regenerative heat exchanger. Its 
operation depends entirely upon percolation. ‘The 
exact solution of this type of temperature field was 
first suggested by the German physicist W. Nusselt’, 
in his analysis of crossflow heat exchange. Nusselt 
solved for the equilibrium temperature “distribution 
of the crossflowing fluids functionally shown in Fig 
ure 2. Most interesting, the equilibrium tempera 
ture distribution of crossflow fluids is identical to 
the three-dix-nsional (temperature, space, time) 
distribution in Figure 1 if one replaces time by the 
flowing distance, Y, of the colder fluid of Figure 2. 
Published more than 30 years ago, Nusselt’s solu- 
tion is difficult to handle numerically. But the 





PIPE DYNAMICS 


SS) Woter temperature 
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Crossflow heat exchange. Figure 1 describes the 
equilibrium temperature distribution, if dimension Y 
replaces the time coordinate. Fig. 2 


AND TERMINOLOGY 


Outlet water temp, G9 
































Percolation response to step change in inlet water 
temperature. la shows the rise in wall temperature of 
three sections of pipe. 1b shows the variation of liquid 
temperature along the pipe at time intervals At, 2At, 3At, 
. . . 8At, as well as the sustained upset in inlet water 
temperature and the consequent transient in the tem- 
perature of the outlet liquid. Fig. 1 
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problem is simple if tackled graphically. 


The Graphical Method 
Figure 3 defines the parameters, C, a, A, W, c. 
Combine them in the factors: 
iy poe i ~ aA 
te T (min), = We 
Divide the tube length, 1, into N sections and the 
reaction time into intervals At min in such a way 
that the following dimensionless numbers are less 
than 0.3, 


= R (dimensionless) 


At << 
, i ae 


aq, =- 


Then follow the construction sequence shown in 
Figure 4. Example: A copper pipe 1.25 in. od, 
1.084 in. id, and 14 ft long carries water. 

The heat capacity of the pipe is C = (specific 
heat) (total weight) = 1.5 BTU per deg F. 

Internal surface area, A is 4 sq. ft. 

Taking a film coefficient a of 3.8 BTU per deg F 
sq ft min for a water flow rate of 2 gal per min, 

T = a = 5 min 

The water's heat capacity, We = 16.6 BTU per 
deg F per min. 
Hence, R = ~s = 0.9 

As the water’s mean velocity is 42 ft per min, the 
dead time, (length/velocity), = 14 ft/42 ft per 
min = 4min. Taking At = 1/40 min and N = 3, 
a= 0.3 


a, =} and 


Figure + shows the graphical construction of the 
outlet liquid response to a sudden charge in the 
temperature of the liquid admitted to the pipe. 

In Figure 5 the curve O-A-B-C-D—shows the 
result of the complete graphical construction, pre- 
ceded by a distance-velocity lag, L = 4 min. 

The approximate transfer function of the step 
response is: 

. K 1 + K,T2S 
G0) = Kite = prs (1) 
where 

K, = OA = 04 in Figure 5 and K, + K, = 

From Figure 5, T; scales equal to 0.14 min. 
Then T. = 0.056 min. 

The appendix shows the derivation of approxi- 
mate transfer functions of the same form, obtained 
by lumping the pipe’s heat capacity—that ‘is, by 
neglecting the pipe’s temperature gradient in the 
direction of flow. The system parameters then give 
the time constants directly: 


RTe-® 


T,; = RT(1 — e-®) and T; = WT —e®) 


(2) 
Applying the numerical values given in the exam- 
ple, 


T, = 0.15 min, and T: = 0.06 min 


48 CONTROL ENGINEERING 


This gives a step input response that practically 
coincides with the curve of Figure 5. In the graphi- 
cal solution the heat conductivity of the pipe wall 
in the direction of flow was assumed zero, while in 
the approximate solution it was assumed infinite. 
The close agreement between the two results leads to 
these deductions: 

> Conductivity of the pipe wall in the direction of 
flow does not play an important role’. 

>The simpler formulae (1) and (2) are ade- 
quate except when R is very large. 

In such extreme cases the graphical solution is 
the simplest way to get the transient response. 

But more important, by graphics we can handle 
cases of non-uniform or non-constant system parame- 
ters. Shifting the reference lines’ positions takes 
into account these effects and reveals a way to solve 
for response to flow-rate change. In liquid flow, 
the flow-rate changes simultaneously over the entire 
pipe length; hence we can calculate a; and ag for 
each time interval from the mean values of W and 
a for each At. 

If there is heat loss the flow rates affect the steady 
temperature distribution of the pipe wall. ‘There- 
fore, a step flow rate change causes an outlet fluid 
temperature response. The graphical solution of this 
response is little different from that in Figure 4 
except that 

(a) we have to start from a given pipe wall tem- 
perature distribution, 

(b) the pipe wall temperature is affected not only 
by the fluid temperature in the pipe, but also by the 
external fluid temperature. 

P. Profos® developed the exact frequency response 
of percolation in his thesis on steam superheater con- 
trol by water injection. The formula is 


R(wT)? 
G(jw) =e (w7)?+1 | —57.3 


| “ (wT)? + 1 


R( wT 
(3 


Inserting the given values of system parameters, we 
get the frequency response shown by the solid lines 
in Figure 6. The dotted curves in the same figure 
are calculated from equation (1). Equations (1) 
and (3), and hence Figure 5, do not include the 
phase shift due to the distance-velocity lag, L. 
This phase shift equals —57.3WL deg. In the ex- 
ample, L = 4 min and the resulting phase shift 
exerts a much more powerful influence on control 
system behavior than does percolation. 

It is possible to account for finite conductivity in 
a radial direction* but numerical calculation with the 
final equation is not easy. The author suggests the 
use of the simpier equations up to equation (3), 
taking the equivalent value of pipe capacitance esti- 
mated from the eftective wall thickness. 

A uniform velocity distribution on all pipe cross 
sections has been assumed. This is not a strictly 
valid assumption. Further experimental studies on 
this point should give a clue to a closer prediction 
of percolation effects. 














<A\Xm 











Unit temperature change 


Unit 
temperature 
change 




















Pipe length 
(B) 


TYPICAL GRAPHIC CONSTRUCTION ... 


. . . AND 
ITS RESULT 


ijture change 


® 
E 
7) 
+ 


Distance-velocity lag, L 


ni+ 


Step input response of percolation plus distance-velocity lag. Fig. 5 


Displace four parallel lines in the ratio [1 + (a: + as)/2] 
: a : aa, as in 4a. Pipe wall temperature plots verticaliy, and 
pipe length horizontally in 4b. 

First Time Interval, t = o* to At 

Transfer initial pipe wall temperature, @, and inlet liquid 
temperature @; at time = o* to 6’, and 6’, on the outer refer- 
ence lines. A line between them locates B: and bi on the 
inner reference lines. B: is the liquid temperature at a dis- 
tance AX from the inlet during the time interval t = o* to 
At and b: is the average pipe wall temperature from X = 0 
to X = AX at time t = At. Bu, transferred to the outer 


right-hand reference line, becomes B’,, the initial liquid tem- 


perature for the second length of pipe. Connecting B’, with 
6’. locates, on the inner reference lines, Bs, the liquid tem 
perature at 2 AX from the inlet, and bs, the average pipe wall 


temperature from AX to 2AX. Transferring Bs to the outer 
reference line and connecting the resulting B’s with 6’, 
locates B. Projected to 4e, it is the average outlet fluid 
temperature for the first time interval. 
Second Time Interval, t = At to 2At 

The new temperature distribution of the pipe wall is 
b, — be — bz, but the inlet liquid temperature is still 4. 
Therefore the construction runs between 6’; and b’s, b’s and b’s 
to find the liquid temperature distribution C, — C, — C. 

The graphical cycle continues, step by step, to find the 
mean outlet temperatures D, E, etc. for each time interval At. 

The outlet temperature, A, at t o* is found by locating 
an auxiliary inner reference line at a distance a’2 = as [1 + 
(a: + as)/2]/[1 + as/2] from the right-hand outer line. The 
same graphical cycle solves for A. Fig. 4 
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Fequency response of percola- 
tion, minus the phase shift due 





to the distance-velocity lag 
Fig. 6 
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DERIVATION OF FORMULAS 


Denote the fluid and wall temperatures by @ and @,. 
Then the heat balance equation for finite differences is, 


sey ae | 


A@ aA 
— C | « 6.) 


2 


Aé aA Ad + Ad, 
AX ~ Wel [ ee | 


where A@ and A@, are finite differences from @, and @, in 
Ax and At, and @, is the fluid temperature @ before a 
change A@ takes place. Solving these equations for Aé, 
and A@, we have: 


AO, = (0; — %) _ 
(61 it+@+a)?2 


1 + (a + a@2)/2° 
The spacing of reference lines in Figure 4a is based on 
this relationship. 
If we lump the pipe wall capacitance, @,. becomes 
independent of x. Therefore, integrating the equation 
dé 
dz 


AQ, = (A, — 6.) 


R 
Es iy (0, ai 6), 


we get 
0. = 0, + (0 — ,)e-® 
Whereas, the heat balance for solid capacity is 


dé 


Wce(@ — 0) =C a 


(b) 

Eliminating @, from (a) and (b), and solving for 
G(s) = @.(s)/@(s), we get equations (1) and (2). 

Assuming the conductivity of pipe wall zero in axial— 
and infinite in radial—directions, complete mixing and 
uniform velocity distribution of fluid in every cross sec- 
tion, and neglecting heat loss or generation, the basic 
heat exchange equations are 
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ra) Os 


0 R 
ot z 


l 06 
= +, (0 — @,), = +V>— —7; (0-46) (c 
ii +) 2 L ‘ ») (c) 
Assuming constant and uniform system parameters, the 
frequency response solution of this equation gives equa- 
tion (3) plus dead time. Dead time is omitted from 


> 


equation (3) to show pure percolation effect. 
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FULBRIGHT SCHOLAR 
YASUNDO TAKAHASHI 


Born on July 12, 1912 at Nagoya, Japan, Yasundo Taka- 
hashi took his Engineering Doctorate at Tokyo University 
in 1946. His thesis was “Regenerative Heat Exchange.” Ap- 
pointed Professor of the University that same year, he drew 
on this thermodynamics background to teach Japan’s first 
automatic control course. 

Modest, energetic Dr. Takahashi was the first chairman of 
the Automatic Control Div. of Japan’s Society of Mechanical 
Engineers. He also served as director and chief editor of the 
Japan Society of Automatic Control. And he found time to 
write three textbooks, translate German control classics, and 
publish a host of automatic control articles both in and out 
of Japan. 

Dr. and Mrs. Takahashi are now in Cambridge, Mass., 
where he still blends thermodynamics with feedback as a 
Fulbright exchange teacher. 
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IT PAYS TO USE 
Error Analysis 
During Design 


Error analysis is the key to economical systems design. The 


techniques are straightforward, but they demand much effort. 


Here are some of the basic rules plus a tested procedure 


for thorough error analysis, involving these five steps: 


. Compare with ideal analog. 


. Derive mathematical model. 


. Subdivide and analyze. 


] 
2 
3. Choose best instrumentation. 
4 
5 


Add up the errors. 


WILLIAM ALLISON, American Bosch Arma Corp. 


Analog system design must start with a thorough 
understanding of requirements and of the various 
ways of satisfying them, or the resulting equipment 
simply will not tunction. Servo design, system sta- 
bility analysis, designation of component function, 
mechanical design, and circuit analysis must be con- 
sidered as direct, in-line items of work which cannot 
be by-passed in the design of workable equipment. 
Elements that contribute to how well equipment 
operates or how much it costs or how long it lasts, 
however, are in a sense secondary matters. 

Whatever the eventual importance of these second- 
ary considerations, their development is inevitably 
retarded in favor of the in-line efforts. They include 
reliability studies, cost analysis, performance optimi- 
zation, maintenance studies, and error analysis. 

This area specifically establishes the ultimate com- 
petitive qualities of any equipment. Each of these 
key items requires, for basis and guidance, a detailed 


knowledge of the interrelations of equipment error 
and functional operation. Thus, error analysis funda- 
mentally points the way to optimization of any de- 
sired que ality or combination of qualities. 

It is not difficult to understand how the develop- 
ment of error analysis techniques was retarded. But 
it is difficult to root out design habits grown from 
the lack of adequate procedures. One of the worst is 
that of specifying extreme component accuracy and 
manufacturing precision simply because an adequate 
error analysis, which would state where precision is 
and is not required, had not been performed as part 
of the system study preceding design. The results 
of such a philosophy in cost and waste manpower are 
obvious. The results in terms of equipment that 
exceeds requirements in unimportant respects are 
less obvious. But they are not less important in mak 
ing instruments competitive in size, weight, and 
cost. Wasteful design habits can be cured—but only 
by requiring that, during design, detailed specifica 
tions be compared with actual requirements. ‘These 
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Vector components *6, and 6, 
CHARACTERISTICS: e, =k 6, [0° 
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1. Moderate complexity 


2. Two servos needed 


CHARACTERISTICS and egg\e? +e2 
3. High accuracy 


0=0,: 108! <2 
4. Good independence of frequency ws 8, 


Three ways to compute a vector’s magnitude for its orthogonal components. Each has different characteristics, 
and choice should be made only after considering required performance in the light of error analysis. FIG. 4 
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usually there is opportunity for considerable simpli- 
fication. In an analysis where the objective is the 
control of functional relations to optimize some 
particular quality, the problems are more subtle. 

To analyze a problem of this latter class, the basic 
relations in the real physical situation behind the 
analog instrumentation must be analyzed. 

When a new problem is turned over to a system 
design group there is nothing that can be stated 
a priori about the functional relations that may exist 
between variables in the final analog instrumentation. 
There are, however, certain inherent relations be- 
tween the variables of the problem. Using these 
inherent relations in combination with the best 
knowledge obtainable regarding input data sources, 
it is possible to compose a structure of inherent or 
situation data error. ‘his structure then represents 
what might be called an ideal analog of the real 
problem and contains no instrumentation errors. 


STEPS IN ERROR ANALYSIS 


Step |: Compare with ideal analog 


Figure 3 shows the steps for deriving an analog 
system instrumentation using error analysis to pro- 
duce an optimum design. A comparison of the ideal 
analog with the requirements for the computer or 
control system being designed then yields the errors 
which may be allotted to instrumentation. Thus the 
first step in the allocation of error has been made. 
One objective of system design is to utilize the full 
amount of allowable error with due regard for safety 
factor. This is the only way that economical design 
can be realized. It relies heavily on the accuracy of 
initial requirements. Any doubt about the validity 
of these requirements must be settled before pro 
ceeding. 

As previously stated, the use of error analysis in 
design cannot supplant thorough understanding of 
analog equipment. In the procedure being outlined, 
error analysis and system study go hand-in-hand in 
developing a system configuration. 

The study to derive the ideal analog draws on the 
nature of initial data sources and the statement of 
the problem. It defines the absolute limits of quanti- 
ties like the accuracy possible in the system, the 
order of derivatives of data that is separable from 
data error and noise, minimum solution time, and 
other limitations inherent in the problem situation. 
An estimate of the complexity of instrumentation 
can be drawn from the inherent complexity of the 
problem. A check on the validity of the system speci- 
fications can be made by examination of the problem 
and the nature of data sources. 


Step 2: Derive the mathematical model 


The next step in the process is derivation of the 
possible mathematical solutions to the problem. At 
this point ingenuity and imagination are primarily 
important; procedure is secondary. The result of this 


study is a mathematical model of the ideal analog. 
Analysis of the mathematical models makes possible 
separation of data source errors into static and 
dynamic ideal errors and into random and systematic 
errors. At this stage the error structure of the final 
design begins to appear, and from the mathematical 
model it is possible to make error allowances to sec- 
tions of computation. 


Step 3: Choose best instrumentation 


Working from the mathematical models of the 
ideal analog, corresponding schematic instrumenta- 
tions are devised. These must come from a know- 
ledge of instrumentation techniques, and when com- 
plete, constitute the field from which the final in- 
strumentation is selected. In this phase the balance 
of requirement against instrumentation shapes the 
design to match the qualities to be optimized. An 
example illustrating the selectivity possible at this 
stage is given in Figure 4. 

The requirement for the example is computation 
of the magnitude of a vector, given the magnitude of 
two orthogonal components. Three possible instru- 
mentations are shown, each with different characteris- 
tics. Detailed analysis of these three devices is not 
given here, but a summary of characteristics is in- 
cluded. From such characteristics an instrumenta- 
tion compatible with requirements and optimization 
objectives is selected. 


Step 4: Subdivide and analyze 


Having outlined the possible instrumentations and 
chosen unit solutions compatible with overall ob- 
jectives, the error allowances previously allocated to 
sections of computation are broken down into com 
ponent allowances by a repetition of the procedure 
for each section. In this operation the section error 
allowances replace the original data source errors. 
The result is a functionally complete instrumenta 
tion with tolerances assigned by error allocation. 


Final step: Add them up 


The final step in the total error study must be an 
error analysis of the first kind outlined; that is, a 
systematic summation of errors from component 
errors using equipment functional relations. 

Elements of the procedure outlined above are in 
constant use in analog system design. It has been 
found, however, that without a systematic approach, 
which includes all of the steps listed in one form or 
another, the results of the very considerable work are 
diffused and lost. Error analysis is valuable for two 
reasons. It forces the systems engineer to consider 
the importance of each quantity he specifies. And the 
detailed records that he must keep form a coherent, 
verifiable statement of the capabilities and limitations 
of a particular design. The method outlined has been 
used with variations on a number of systems. Even 
though it is cumbersome and lengthy, the results 
have more than justified the effort. 





can be found by systematic error analysis. 

Besides the importance of error study as a design 
tool, a statement of individual and combined errors 
in a system is invaluable in other ways. It is a guide 
in evolving test documents, manufacturing standards, 
trouble shooting and maintenance procedures. It 
gives an authoritative grasp of needed and potential 
performance. 

Analysis of errors in a complex analog computer 
is not simple. Although much of the work involved 
is routine, its direction demands not only the special- 
ized background of error-study and statistic-study 
techniques but also understanding of analog devices. 

Error analysis may be a simple examination of 
static errors in equipment already designed. Or it may 
be the derivation and allocation of errors, combining 
related and random errors under the influence of 
dynamic effects, in several possible instrumentations 
for a new problem—which is not simple. 


AC 
Vo/tage 


FUNDAMENTALS OF ERROR ANALYSIS 


In examination of a completed design, certain 
rules may apply. For example, in the case of errors 
not related to each other, the error of a sum of a 
number of quantities can be expressed as the square 
root of the sum of the individual errors. ‘This state- 
ment holds generally, but is theoretically sound only 
when individual errors have no preferential set, or 
bias, within their own tolerances. Where errors are 
related, error build-up is generally determined by 
that relation. 

An example of beneficial related errors is the 
variation of reference voltages in analog computers. 

Figure | is a servo divider. Voltage e; is a variable 
that depends on the angle 6, of potentiometer P;. 
K, is a reference voltage exciting P; and has a nominal 
value K,; and an error, or deviation from nominal, 
amounting to a. Voltage e; can be expressed as e; = 
K.C.@,, where C, is a potentiometer scale factor. 
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Simple servo divider illustrates how quickly error analysis mush- 
rooms into lots of algebra (see discussion in text). FIG. 1 


FORMIDABLE ANALYSIS PROBLEMS .. . 


(A) Exact expression of the error E 


in the product R cos 6 cos @ = F(R, 8, ¢) is: 


E = Rceos 0 cos ¢ — Rceos @ cos A@ cos ¢ cos Ad 
+ Ros 0cos AO sin dsin Ad + Rsin @ sin A@ cos ¢ cos Ad 
— Rsin @sin A@ sin d sin Ad — AR cos 8 cos AP cos ¢ cos Ad 
+ AR cos 0 cos AO sin @ sin Ad + AR sin @ sin AP cos d cos Ad 


+ AR sin @sin A@ sin ¢ sin Ad 


. . . CAN OFTEN BE SIMPLIFIED 


(B) Assuming: the cosine of A angles = 1, 
the product of two or more 


A's or sine A’s is negligible, 


E = Roos @sin dsin Ad + Roos osin 8 sin AO 
+ AR cos @cos @ 


Even simple relations get involved 


(A), but there is hope (B). 
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FIG. 2 





THE STEPS IN ERROR ANALYSIS 
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A proven procedure 


Similar relations apply to P, and P:, except that P 
is excited by the voltage e.. The difference between 
voltages e; and e, is amplified to drive the motor until 
e: = es. Then, since e; =C,6,e,, 

K,C10,C303 = K2C 202 
K2C 162 
K,C,C36, 


Ky2C 200 
KCiC36 
which expresses the division of 6, by 6,, with the con 
dition of no reference voltage errors. If the reference 
voltages vary, however, the expression becomes 
(Kn + a)C 0,0 303 = (Kno + 6) CoO 


a, = 


and the error is 


, Ky 2C 202 (Kyo + b)C oO. 
fos Kya + b)C202 
KmCiacs (Kn + a)C 06 


_ CxO, Kno Kn + b 

CAC; Ku Ku Ta 
For the divider to be independent of reference volt 
age variation, E must be zero, and the following rela 


tions hold true: 
Kyo Kr + 6 


Ku Kn T a r. 
KiiKne — KnKne + Kya — Kyyb = 0 
K,2a = Kyb 


Kn a 


ees * 
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analysis 











Performance 








Compliance with 
objectives 


for error analysis during design. FIG. 3 





The last equation states that if variations in reference 
voltages remain in the ratio of the nominal values of 
these voltages, no error results. This is usually done 
by scaling all reference voltages from the same source 


Error analysis is not easy 


The principal purpose. of this example, besides the 
interesting result, was to show how quickly the com 
plexity of statements of errors builds up even in a 
simple case where only two points were error sources. 

lor a more drastic demonstration, an exact ex 
pression of the error of a simple relation such as 
R cos 6 cos ¢ = t(R, @, 4) is quite formidable (see 
Figure 2A) and illustrates the need for valid simpli 
fying assumptions and systematic handling of an errot 
structure in analog work. ‘The expression simplifies 
appreciably if it is assumed that the cosine of A 
angles equals 1, and that the product of two or more 
4’s or sin 4’s is negligibly small (Figure 2B). These 
assumptions are valid for small error angles. 

This second example also illustrates another rule 
for calculating error build-up: The explicit error of 
a product of terms is equal to the difference between 
the product if no error existed and the product of 
the terms with an expression of individual error. 

Thus, although an error analysis in which the 
relation between variables is stated is often very com 
plex, the approaches are still straight forward, and 
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VOLUMETRIC FLOWMETER CLASSIFICATIONS TABLE | 


POSITIVE DISPLACEMENT METERS 


. Totalizes flow directly <sssxf Biss 
. Variable pressure drop Fo 4s |= 
. Wide flow range NA 
. High accuracy over flow range 

. Functions mechanically; size 

restricted by size of parts 


VARIABLE-AREA METERS 


. Constant pressure drop 
. Indicates rate of flow 
. Must be time integrated for 


quantity totalization 


. Accurate over full range 
. One moving part in flow element 





VENTURI METERS 


. Pressure differential device 

. Indicates rate of flow 

. Must be time integrated for 
quantity totalization 

. Nonmechanical flow element 
. High copacity 


VELOCITY METERS 


. Totalizes flow directly; infers 


quantity by sensing velocity 


. Low pressure drop 
. Functions mechanically 








ORIFICE METERS 


. Pressure differential device 

. Indicates rate of flow 

. Must be time integrated for 
quantity totalization 

. Nonmechanical flow element 
. Reduced accuracy at low rates 








ELECTROMAGNETIC METERS 


. Indicates flow rate 

. No pressure drop 

. No mechanical parts 

. No viscosity or density effects 
. Linear response 

. Liquid must be conductive 





WHAT YOU SHOULD KNOW ABOUT 


Positive 


Displacement 
Meters 


RUSSELL W. HENKE, Badger Meter Mfg. Co. 
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Accuracy, per cent 


Accuracy and pressure drop through meter 
plotted against rate of flow for a typical nutating 
disc positive displacement meter. FIG. 1 





THESE ARE THE POSITIVE DISPLACEMENT METERS JASLE |! 


NUTATING DISC 


1. Most widely used |: 

2. Accurate within plus or minus fA, 
1.5 per cent 

3. Simple, low cost and rugged 

4. Relatively low pressure drop 


RECIPROCATING PISTON 





1. Most accurate 
2. Slightly higher pressure drop 
than others 
. Most expensive 














1. Sensitive at low flows 


. Accurate within plus or minus 
0.5 per cent 

. Low pressure drop 

. Simple construction, low cost 

. Low maintenance 





VANE TYPE 


1. Relatively low pressure drop 
2. Accurate 





. Early development; not avail- 
able now 





Though not glamorous, they‘re the back- 
bone of many control systems. Here's 


WHAT THEY DO... 


> The positive displacement meter is a flow 
sensing instrument. It responds to variations 
in flow rate and delivers a corresponding 
mechanical signal; the rotation of its spindle. 


> This mechanical output signal can be coupled 
to a variety of devices. 


These devices fall into several classes. 
a. Those that totalize and register quantity 
of fluid through the meter. 


b. Those that control some other piece of 
equipment. 


c. Those that are of themselves the control 
or the process. 


. . . AND WHERE THEY APPLY 
> Where a wide range of flow is encountered. 


P Where a nominally linear response to flow 
rate variation is required. 


PWhere mechanical actuation is desirable. 


Many types of flow metering equipment are com- 
mercially available. ‘The standard classes of volu- 
metric flow measuring devices are listed in Table I. 
These units can measure either the total volume of 
liquid that flows through them in a given time, or 
the rate of volumetric flow. Other varieties of 
meters are available to measure the mass rate flow 
of a liquid. 

Each type of volumetric metering device has spe- 
cific characteristics that recommend it for certain 
applications. For example, the venturi, orifice, area, 
and electromagnetic meters are inherently suited for 
measuring flow rates. If a quantitative or volumetric 
indication is needed, these classes of instruments 
require time-integrating auxiliaries to accomplish the 
totalization. On the other hand, positive displace- 
ment meters are inherently quantitative or volu- 
metric instruments and are not suited to measuring 
flow rates, 

The velocity-type meters, while they depend on 
velocity effects, are used to register quantities of 
liquid passed, rather than flow rates. This class of 
equipment is not so accurate in the low flow ranges 
as are the positive displacement meters. 


Positive Displacement Meters 


The available types of positive displacement meters 
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Pressure drop versus flow rate 
curves for various sizes of vane- 
type positive displacement me- 
ters. FIG. 2 
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Pressure drop versus flow rate 
curves for various sizes of recip- 
rocating piston meters. FIG. 3 


Pressure, psi 

















are shown in Table II]. The nutating disc meter has 
widest use. Simplicity of construction, sturdiness, 
long life and relatively high accuracy are responsible. 

Figure 1(A) shows a typical accuracy curve for a 
nutating disc meter. Note that the error over the 
sensible flow range of 0.5 gpm to the maximum rated 
capacity of about 40 gpm is within plus or minus 1.5 
per cent. A typical pressure-loss curve for the same 
meter, Figure 1(B), indicates a pressure loss of about 
4.5 psi at the maximum flow rate. 

These curves point out two important character- 
istics of positive displacement meters: high accuracy 
of volumetric registration and relatively low pres- 
sure drops through the meter over extremely wide 
flow ranges. 

The oscillating piston meter is the next most pop 
ular type of positive displacement meter. The char- 
acteristics of this meter parallel closely those of the 
nutating disc. But the oscillating piston has greater 
sensitivity than the disc in the lower flow ranges. 
This advantage is offset to some extent by the more 
critical machining requirements and increased sensi 
tivity to damage or fouling by foreign matter. 

The rotary piston meter was one of the first types 
of positive displacement meters and has been largely 
replaced by the other types. 

Vane-type meters are widely used in the fields 
that most need their high capacity and can best 
stand their higher cost. Figure 2 shows pressure-drop 
curves for various sizes of rotary-vane-type meters. 
Accuracy can be held high enough to meet U.S. 
Bureau of Standards requirements. 


58 CONTROL ENGINEERING 


rate, gpm 


eciprocating piston meters are the most accurate 
cf all the positive displacement meters and are also 
the most expensive. ‘They are used in metering fot 
excise tax purposes, where high accuracy is essential. 
igure 3 shows a typical pressure-flow curve for 
this type of meter. 


How to Use These Meters 


In addition to the basic units, there are many 
accessory devices used in conjunction with positive 
displacement meters. ‘These may register the total 
flow through the meter, permit a preset quantity of 
liquid to iow through the meter, or control some 
other flow in accordance with the flow through the 
meter. ‘Table III surveys some of the commercially 
available meter accessories. 

To the engineer, control can mean the pacing 
of a process by means of instrumentation that senses 
the instantaneous state of a process and uses this 
information to maintain the required conditions. To 
management, control means planning; cost control 
and production planning and scheduling. For man- 
agement to exercise this control, it must have data on 
which to base its decisions. Metering has its place 
in both facets of the control field. 


Data Gathering Functions 


Positive displacement meters equipped with regis- 
ters are used for data gathering purposes. These data 
can be used to: 

> account for total product manufactured 





HOW POSITIVE DISPLACEMENT METERS ARE INSTRUMENTED 


TABLE Ill 


STRAIGHT-READING REGISTERS 


TOTALIZER 


Indicates total quantity delivered. 
Has reset to zero so individual de- 
liveries can be totalized. 

A. O. Smith Corp., Meter Div. 


VISIBLE REGISTER 


Used by most meter manufacturers. 
Totalizes quantity delivered. Has 
zero reset. 

Veeder-Root Inc. 


TICKET PRINTER 


Totalizes quantity delivered and also 
prints ticket or card with record of 
quantity. 

Veeder-Root Inc. 


WATER-METER REGISTERS 


CIRCULAR 


Standard water-meter register. 
Mounted horizontally with no reset 
to zero, it totalizes flow on five small 
dials. 

Badger Meter Mfg. Co. 


Available in diameters 


mA Ary 
ORORURYV 


GALLUNS 


STRAIGHT READER 


Standard water-meter register. To- 
talizes on straight reading register 
odometer. Mounts horizontally and 
has circular test dial. 

Badger Meter Mfg. Co. 
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CIRCULAR SWEEP TEST 


Standard water-meter register. To- 
talizes on six dials. Mounts horizon- 
tally, has sweep hand test circle and 
no zero reset. 

Badger Meter Mfg. Co. 


CIRCULAR REGISTERS 


VERTICAL DIAL 


from four to sixteen inches 
with one or two pointers. 
Has reset to zero. Dials can 
be calibrated in any stand- 
ard unit of volume. 
Buffalo Meter Co. 





ELECTRIC ALARM 


Arranged to deliver an 
electrical impulse after a 
given volume has passed 
through the meter. Oper- 
ates either singly or repe- 
tively. 

Badger Meter Mfg. Co. 
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TABLE III continued 


CONTROL INSTRUMENTATION 


PREDETERMINING REGISTER 


Quantity to be measured is set on 
register and valve is opened. When 
predetermined quantity has passed, 
the valve is automatically closed. 
Bowser, Inc. 


PACKAGING UNITS 


Unit can be preset to deliver quan- 
tities that will fill standard contain- 
ers. For example, 25 or 55 gal 
drums, or 5 or 10 gal cans. 
Neptune Meter Co. 


RECYCLING CONTROL 


Automatically recycles after deliver- 
ing a predetermined quantity and 
reinitiates the cycle without manual 
starting. 

Hetherington and Berner, Inc. 





BATCHING CONTROL 


Used to control batching operations. 
Quantity is set by manually rotating 
pointer. Subtracting type counter re- 
turns pointer to zero at which time 
valve closes automatically. Must be 
manually recycled. 

Neptune Meter Co. 





AUTOMATIC SAMPLER 


Automatically extracts sample of 
main stream flow in proportion to 
flow rate. Used extensively in petro- 
leum industries for sampling crudes 
and dijstillates. 

A. O. Smith Corp., Meter Div. 





RATE OF FLOW INDICATOR 


Meter driven generator delivers a 
voltage proportional to spindle 
speed. A galvanometer calibrated in 
gpm gives rate of flow. 

The Hays Corp. 
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CHEMICAL PUMP 
CONTROL 


Positive displacement meter 
controls the speed of a 
chemical feed pump so 
that delivery is proportion- 
al to main line flow. 
B-I-F Industries, Inc. 





CHEMICAL FEED 
DRIVE 


Positive displacement meter 
controls pumping rate by 
mechanical interlock. Thus, 
it maintains proportionality 
to the flow through the 
meter. 

Wallace & Tiernan Inc. 





> account for constituents used in the manufacture 
of products 

> account for waste of material 

> check the delivery of raw materials 

> check the delivery of finished products 

> account for products delivered for billing. 

> account for unit consumption in product manu 
factured. 

This information can be collected in two ways, 
depending on the scope of the operation, on what 
level the data are collected, and for what purpose. 
For independent installations, any of the direct read 
ing registers shown in ‘Table III can be used. ‘To ob 
tain the data from these units, the operator must go 
to the spot where the meter is installed. ‘This type 
of unit is particularly adapted to single installations, 
mobile units, or those in the vicinity of an oper- 
ator’s station. 

The estimated cost of such an installation ranges 
from $30 to $1,500, depending on the size, type, 
and application of the meter. Error varies from 
0.5 to 1.5 per cent depending on the type of meter. 
Available flow ranges vary from 0.25 to 26 gpm in 
one meter up to 5 to 3,000 or 4,000 gpm, depending 
again on the size and type of meter. 

For large installations where the number of 
meters to be read or the distance between stations 
prohibits individual readings, the remote indicating 
unit shown in Figure 4 is advantageous. In this type 


Totalizing 
register 


Nutoting 
measuring 
piston 


Typical remote indicating equipment used with positive displace- 
ment meter. Generator on meter shaft develops voltage propor- 


tional to rate of flow. The Hays Corp. FIG. 4 


of installation a transmitting head is mounted on 
the meter and the totalizing unit is located in a cen 
tral control station. ‘he cost of a single such instal- 
lation would range from $150 to $3,000. Accuracy and 
available flow ranges are similar to those above. 

Even with remote indicating registers it may be 
impractical to try to keep a record of all the meter 
registrations in a large installation by visual examina 
tion and manual recording of data. In these appli- 
cations, recording mechanisms can be substituted 
for the registers, Figure 5. Not only is the operator 
relieved of the task of reading the meters, but a 
permanent record of the flow is available. ‘The cost 
of such an installation ranges from $500 to $5,000 
depending on the size and type of meter and the type 
and capacity of the recording equipment. 


Process Control Functions 


Positive displacement meters are used in process 
control applications when the volumetric flow of a 
liquid must be controlled. Typical applications are: 


> Control of liquid added in batch mixing proces- 
ses. For example, caustic dilution and fluoridation 

> Water treatment 

> pH control 

> Automatic titration 

> Injection of corrosion inhibitors 

> Injection of vinsol resin in cement manufacture 


Typical recorder used with positive displace- 
ment meters. Rockwell Manufacturing Co. 


FIG. 5 
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\ 
Pump 


Chemical feeder 

Flow-responsive boiler feedwater system in which meter main- 
tains correct proportion of treating agent to feedwater. B-LF 
Industries, Inc. FIG. 6 


> Sizing injection 

> Addition of wetting agents 

> Hydrochlorination 

> Catalyst injection 

> Proportional blending operations 
> Packaging operations. 


The two meter-controlled systems described in 
the following paragraphs are typical examples show- 
ing the application of positive displacement meters 
in chemical feeding equipment. 

In these applications it is necessary to feed or 
blend one or two liquids in definite proportion to 
another liquid. The sensing device on the meters 
shown in Figures 6 and 7 is a pneumatic pilot valve 
that alternately applies high and low pressure across 
the driving piston of the chemical feeder pump. The 


Master rate integrator, 





~~ ~WMaster rate 
; control 
_—> Component rate control 
and integrator 





——Fneumatic controller 











— Diaphragm 
control valve 


Total flow rate control and blending system. One master con- 
trol, stacked with several component control units, permits 
controlled blending. FIG. 8 
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Positive displacement meters are used to maintain the correct 
proportion of chemical treatment to water in many types of 
water softening systems. B-I-F Industries, Inc. FIG. 7 


frequency of alternation is directly proportional to 
the revolutions of the control meter’s spindle. ‘Thus, 
as the flow rate in the metered line varies, the chemi- 
cal feeder is speeded up or slowed down, thus main- 
taining constant ratio. 

Figure 6 shows a positive displacement meter as 
the control instrument in a flow-responsible boiler 
feedwater system. The signal from the transmitting 
head actuates the chemical pump to maintain the 
ratio of treating agent to feedwater at a predeter 
mined value. The meter equipment only for such 
an installation ranges in cost from $150 to $1,000, 
depending on the size and materials of construction 
of the meter. 

Positive displacement meters are often used to 
control the proportioning of water softening chemi- 
cals in the “lime soda” or “hot process phosphate” 
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Pump 


System for extracting a sample proportional to total flow in 
delivery or production line. FIG. 9. Figures 8 and 9 B-LF 
Industries, Inc. 
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Meter discharge to fank or header 


Photograph and schematic diagram of 
commercially available automatic blend- 
ing system. Cost per bank runs about 
the same as the system shown in Fig- 
ure 8. Bowser, Inc. FIG. 10 
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Photograph and schematic of integral chemical proportioning 
unit. The meter drives the pump directly. FIG. 12 


processes. Meters are similarly applied to control 
the “hot zeolite” process. A typical installation is 
shown in Figure 7. The water-softening chemicals 
are introduced by the chemical feeders, and the 
meter controls the rate of feeding to maintain a pre- 
determined ratio of treatment to water. 

When a positive displacement meter is used in flow 


control instrumentation, Figure 8, the spindle is 
connected to one side of a differential, which is 
driven from the other side by a component rate con- 
trol and integrator. If the meter and component 
integrator speeds are equal, the differential connec- 
tion to the pneumatic controller stands still and the 
valve position remains fixed. If the speeds differ, the 
valve varies the flow in the proper direction to bring 
meter spindle speed back into correspondence with 
integrator speed. A master rate integrator and rate 
control maintains overall control of many units. 

This type of control can be stacked for blending 
several liquids in predetermined proportions—for 
example, blending lubricating oils. In this applica- 
tion, varying the setting of the master rate control 
adjusts the rate of flow of the final product, while 
the setting of the component control devices ad- 
justs the proportion of the various constituents that 
make up the final product. The cost of a single bank 
of this equipment will range from $1,000 to $4,000. 

Many continuous-process operations require the 
sampling of liquids. This might be done for quality 
control checks on production processes or for in- 
specting incoming liquid materials to make sure 
that they meet specifications. A typical system used 
for automatic, flow-responsive sampling is shown in 
Figure 9. 

In this installation, the positive displacement 
meter controls a pumping unit that extracts sample 
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material from the process or delivery line and pumps 
it into sample bombs. The amount of the sample is 
always proportional to the total flow. Meter equip- 
ment cost varies from $150 to $1,000. 

Figure 10 shows a typical commercially available 
automatic blending system. ‘This is similar to the 
system shown in Figure 8. Each meter, differential, 
selector and related equipment is packaged as an 
integral unit. Again, large blending systems can be 
built up by stacking these individual units to handic 
as many liquids as desired. 

Equipment is available for specialized packing ap 
plications, such as barrel and can filling operations, 
where it is necessary to control the exact amount of 
liquid dispensed. Unit in Figure 11 is commercially 
available. Flow is started by opening the valve. 
When a predetermined quantity of liquid has passed 
through the meter (as set on the preselecting meter 
register) the control valve is automatically closed. 
Equipment cost ranges from $300 to $1,000. 

One class of chemical proportioning units includes 
the meter and chemical feeder as a integral unit. 
These differ physically from the previously discussed 
chemical propertioning equipments where the me 
ters were used as flow-sensing auxiliaries. 

In the integral units shown in Figure 12, a pump 
is mounted on the head of the meter and is driven 
by the meter spindle. Thus the unit is inherently 
flow-responsive. And once a proportion is established, 
it will be maintained over the entire flow range. 
Since the pump is driven by the meter, no electric 
motor is required. Cost is $150 to $300. 


SELECTED REFERENCE 


“PROPORTIONING LIQUIDS AUTOMATICALLY”, Lawrence 
Lowy, Control Engineering, September 1954. 





Ways to Generate 


Control Functions 
Mechanically 


THE GIST: Often the performance of a closed loop system can be im- 
proved by placing the proper control function generator or stabilizing 
network in the loop. For example, any time lag between a change in input 
and the application of a correcting force to the output tends to cause 
instability. With a varying input, this delay can cause the correction to be 
applied at the wrong time or in the wrong direction, either of which can 
result in an oscillatory response of the output. Two solutions are possible: 
either reduce the system gain or compensate for the time lag. Reducing 
the gain reduces accuracy and speed of response. But a function gener- 
ator that will predict probable error can stabilize the system without 
sacrificing performance. 

Many types of function generators are available depending on the 
system requirements and on the control medium. Thus pneumatic and 
electrical function generators were covered in ‘‘Generating Control 
Functions Pneumatically’’ and ‘‘AC Stabilizing Networks,’’ both in the 


September 1954 issue of CONTROL ENGINEERING. This article gives 
the schematic diagram, transfer function, and magnitude ratio versus 
frequency for fourteen different mechanical networks. 


(A) The two basic elements of mechanical function generators. 
(B) Parallel dashpot and spring as one unit. FIG. 1 
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or in terms of the Laplace Transform 
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Mh where S = Laplace operator 
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JOHN E. GIBSON, School of Engineering, Yale University 


When a system has mechanical linkages it is con 
venient to design the controller or function gen- 
erator with mechanical elements. For the networks 
shown in the accompanying table, only two kinds of 
elements are used. First a spring with stiffness K, 
as defined by the spring’s reaction force F and change 
in length X. And second a dashpot that gives viscous 
damping, where the reaction force is proportional 
to velocity. These are shown in Figure 1(A). These 
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two elements may be in their translatory form or in 
their rotational form depending on the application. 
Where a dashpot and spring are used in parallel, it is 
often possible to include both elements within the 
dashpot case, thus simplifying the unit, Figure 1 (B). 
Several precautions must be taken when installing 
a controller in a system. The device that senses the 
output of the controller must not load the controller. 
l‘or practical designs, the force required to move 
the sensing or pickoff device should be not more 
than one-tenth the force required to move the output 
element of the controller. Also, if two controllers 
are placed in series, the second stage must not load 
the first. Since this may require a wide range of dash- 
pot and spring constants, it may be advisable to place 
the two stages in different portions of the loop. 
Note that several of the configurations in the 
following table yield the same transfer function; for 
example, three and nine, four and ten, five and seven, 
six and eight, and eleven and twelve. In each pair, 
one of the connections is in series and the other in 
parallel. The choice of configuration depends on 
the particular system being stabilized. It is some- 


times possible to use one or more of the elements 
that make up the original system as part of the 
controller. Several choices of configuration increase 
this possibility. 

A common nomenclature for these control func 
tions is based on their application in certain con 
ventional systems. A transfer function that is flat 
(zero slope) and below unity in called a proportional 
control function, since presumably only the attenu 
ated signal is fed back. A transfer function that 
gives a curve with a slope of plus one is called a rate, 
or derivative, function, since in the region of plus 
one slope the output is the derivative of the input. 
Number three shows an example of proportion plus 
rate. This is also called a lead network, since the 
output leads the input in the steady state. A func- 
tion with a minus one slope is called reset or inte 
gral control, since in the region of the minus-one 
slope the output is the integral of the input. Num- 
ber five shows proportional plus reset. ‘This is also 
called a lag network, since the output lags the input. 
Number fourteen is an example of proportional 
plus reset plus rate or a lag-lead network. 


14 MECHANICAL FUNCTION GENERATORS 





Schematic Diagram 


Transfer Function 
(In the steady state s = jw) 


Log magnitude ratio vs. log frequency 
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Schematic Diagram 


Transfer Function 


Log magnitude ratio vs. log frequency 
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Schemotic Diagram Transfer Function 


Log magnitude rotio vs log frequency 
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Schemotic Diagram Transfer Function Log magnitude ratio vs. log frequency 
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Note |; By choice of parameters T, can be made larger or smaller than T, and thus either a -i slope or a +! slope can be synthesized 
Note 2: To find the approximate relation Bz may be considered open or K, to be shorted at low frequencies and at high frequencies 
B, to be shorted or Kz opened 


Note 3: The approximation gives while the exact relation is 
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Do You Know Sylphon ? 


Just after the turn of the nineteenth century, Mr. Weston 
M. Fulton was the Knoxville, Tenn., weatherman. Not 
satisfied with the performance of his atmosphere pressure gage, 
he set out to improve it. The metal bellows that was the fruit 
of his efforts he named “sylphon.” 

The word puzzles many people. What is its source? Our 
staff mythologist assures us that Sylphon was the Norse god- 
dess of the atmosphere. 








WHAT'S AVAILABLE FOR 


Compensating 
Instruments for 
Temperature Changes 


Once you know how changes in temperature affect in- 
strument accuracy (see CONTROL ENGINEERING, April 


1955), the next step is to compensate fer these inaccura- 


cies. 


The table to the right lists the seven more com- 


mon techniques. The first five of these are covered in this 
article. Next month’s CONTROL ENGINEERING will discuss 
methods six and seven, and describe specific compensat- 


ing circuits used in commercially available components. 


ROBERT GITLIN, Servemechanisms, Inc. 


‘Temperature compensating techniques fall into 
three general classes: selecting a material unaffected 
by temperature change, adding elements with proper- 
ties that vary inversely with those of the element 
being compensated, and maintaining a constant 
ambient around the critical element by a control 
system. 

This article discusses materials available for the 
first two classes. 


Magnetic Compensator Alloys 


All ferromagnetic materials decrease in permeabil- 
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ity as temperature increases. Figure 1 shows the 
useful portion of this curve for a nickel-iron alloy 
containing 30 per cent nickel. With a proper 
selection of field strength, the permeability of cer- 
tain alloys can be made to decrease almost linearily 
with an increase in temperature. Thus these alloys 
can compensate for errors in speedometers, tachome- 
ters, watt-hour meters, voltage regulators, and other 
devices where the calibration depends on the 
strength of a magnetic field. 

In a noncompensated unit where the flux is sup- 
plied by a permanent magnet, the magnet becomes 
weaker as the temperature increases. To maintain 
constant flux in the air gap, a compensator alloy 
shunt can be placed across the poles of the magnet. 





Variation of permeability of 30 per cent 
nickel-iron alloy with temperature. FIG. 1 





Precision 
“ spring 


























input shoft 





Output shaft 


Orag cup of compensator alloy 


Schematic of drag-cup torque tachometer. Output shaft drives a transducer 


to obtain a useable output signal proportional to angular velocity. FIG. 2 


7 BASIC TEMPERATURE 
COMPENSATION TECHNIQUES USE: 


1. Magnetic compensator metals 

2. Sensor materials having low thermal 
coefhcients 
Bimetal strips 
Wire with low temperature coefh 
cient of resistance or special tem- 
perature properties 


Thermistors (negative-temperature- 
coefficient resistors ) 


Compensator windings in electrical 
circuits 

Heater and thermostat to keep am- 
bient temperature constant 


At low temperature the permanent magnet is strong, 
but the shunt has a high permeability, diverting a 
portion of the flux from the air gap. As the tempera 
ture of the assembly increases the permanent mag- 
net field decreases, but at the same time the perme 
ability of the shunt decreases and less flux is diverted 
through the shunt. Proper design can make the 
flux in the air gap increase, decrease, or remain con- 
stant over a wide temperature range. 

Several types of wrought alloys can be used for 
magnetic temperature compensation. ‘The most com- 
mon is a nickel iron with a closely controlled nickel 
content of about 30 per cent. For a wider tempera- 
ture range, the nickel content is increased to about 
32 per cent, with some loss in the accuracy of com- 


~ 


Variation of temperature coefhcient of linear 
thermal expansion with nickel content. FIG, 3 


pensation. Another is a 70 per cent nickel, 30 
per cent copper, precisely proportioned. Cast cop 
per-nickel-iron alloys find similar use. In powdered 
iron cores, an alloy containing 12.5 per cent molyb 
denum, 80 per cent nickel, and the balance, iron, 
is added to the 2 per cent molybdenum, 81 per cent 
nickel base in the correct proportion to compensate 
for magnetic temperature effects. 

A schematic of a drag-torque tachometer is shown 
in Figure 2. The rotating input shaft and permanent 
or dc-excited magnet produce an eddy current torque 
on the drag cup, causing it to twist a compensated 
spring. Since the eddy current torque is proportional 
to the speed of the input shaft, the deflection of the 
output shaft is a measure of speed. The output 








shaft usually is coupled to a low-torque potentiome- 
ter or induction pickup unit. 
fee & = Temperature coefficient A change in temperature varies magnet strength 
of linear expansion and thereby changes instrument calibration. But if 
the drag cup is made from an appropriate compensa- 
tor alloy, this temperature error is reduced. One 
alloy containing 43 per cent nickel, 57 per cent cop- 
per or another containing copper and manganese can 
be used for temperature compensation in this appli- 
cation. Drag cups of temperature compensator 
alloys are used also with de tachometers. 


Change in length 


. Low Thermal Coefficient Alloys 


The iron-nickel alloys offer a variety of specialized 
thermal properties that are useful in compensating 
for temperature effects. These alloys’ characteristics 
can be controlled by adjusting the nickel content, 

Temperature by adding other metals, or by regulating the condi- 

Change in length with temperature of a typical low-expansion tions of manufacture and treatment. Extensive use 
iron-nickel alloy (Guillaume). FIG. 4 has been made of the iron-nickel alloys in applica- 
; tions where dimensional changes must be minimized 
or where these changes must approximate the di- 

mensional variation of other materials, and in appli- 

ae em a ee 4 cations where the thermoelastic effects must be con- 

Se, URS eae. ~ 1 trolled, as in instrument and chronometer springs. 
oe Figure 3 shows the coefficient of linear expansion 
cogtticient | of the iron-nickel alloys at room temperature as a 

| function of nickel content. The composition with 
the lowest coefficient is in the vicinity of 36 per 
cent nickel. This alloy maintains such nearly con- 
stant dimensions when subjected to ordinary ambient 
temperature variations that it has received the ap- 
propriate name of Invar (invarient or invariable). 
As the nickel content of the alloys is increased from 
that of Invar, the expansion coefficient increases con- 
3040 50 60 70 80 90 1007” tinuously, but not uniformly, until it reaches the 
Nickel content, per cent value corresponding to that of 100 per cent nickel. 
’ 4 When applying these alloys to individual appli 
Variation of modulus of elasticity and temperature coefficient cations, it is important to recognize that their ex- 
with nickel content in nickel-iron alloys. FIG. 5 pansivity depends on the temperature range. Thus 
the values in Figure 3 apply only to room tempera- 
tures. The general slope of an expansion-tempera- 
ture curve of a typical alloy of this group is shown in 
Figure 4. The interval CD corresponds to the range 
of lowest expansivity and therefore to the most use- 
ful temperature range of the alloy. The width and 
location of the region CD, as well as the slope of 
the curve between these points, will vary with the 
composition and previous history of the alloy. 
































ity 


Oe 








t 
0 
ww 





we 1 
| . Temperature 
coefficient 











Temperoture coefficient 
x10~5 per deg F 


_ — 





° 


6 
a 
at 
c=) 
= 
~~ 
= 
2 
= 
7) 
Ss 
ry 
« 
° 
wo 
2 
3 
2° 
° 
= 





























+ 
> 
°o 
°o 


Modulus of rigidity 
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x1o"® per deg F 


Constant Modulus Alloys 


Temperature coefficient 


Variations in temperature have an unusual effect 
on the thermal moduli of the iron-nickel alloys. The 
thermoelastic coefhicients of most metals are nega- 
tive, so that they lose stiffness as the temperature 
Nickel content, per cent increases. Figures 5 and 6 show that the nickel-iron 

alloys with nickel contents between 27 and 44 per 
Variation of modulus of rigidity and temperature coefficient cent have positive thermoelastic coefficients. Also 
with nickel content in nickel-iron alloys. FIG. 6. at the two nickel contents bounding the range of 


o Temperature 


Modulus of rigidity x106 psi 
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positive coefficients the coefficient is zero. 

These alloys are too sensitive to slight variations 
in chemical composition to be commercially useful 
as constant modulus alloys. But by adding other 
elements it is possible to lower the curve so that the 
rounded peak is tangent to the zero axis. ‘This, 
shown by the dotted line in Figure 5, makes the 
zero coefhicient more dependable. 

The prototype of these alloys is the well-known 
Elinvar, which like Invar was the invention of the 
I'rench physicist C. E. Guillaume. Its name is de- 
rived from “invariable elasticity,” since its modulus 
of elasticity is almost independent of temperature 
over the range from minus 150 to plus 300 deg F. 
The original Elinvar contained 36 per cent nickel 
and 12 per cent chromium. But it is now customary 
to modify the composition through the addition of 
elements such as tungsten and molybdenum, to 
obtain or intensify specialized secondary properties. 

Elinvar has been successfully used for the hair 
springs of time pieces and other precision instru- 
ments. In watches, ordinary steel hair springs have 
to be compensated for variations in the elasticity of 
the spring resulting from temperature fluctuations. 
A brass and steel bimetallic balance wheel is used, 
cut at two places on the circumference. ‘The sub- 
stitution of an Elinvar hair spring permits the use 
of a simpler, one-piece, mono-metallic balance 
wheel. This construction gives accurate compensa- 
tion over a wide temperature range, instead of at 
two definite temperatures. 


Constant modulus materials have many other ap- 
plications, including tuning forks, scale springs, and 


bourdon tubes. But Elinvar’s use has been limited 
because of its low elastic limit of about 45,000 psi. 
It can be subjected to only the small deflections that 
it can support in service. Several means of improv- 
ing its strength have been tried, including the 
addition of elements designed to render the alloy 
susceptible to precipitation hardening. 

John Chatillon & Son has developed a modified 
Elinvar type called Iso-Elastic. This contains 36 per 
cent nickel, 8 per cent or more chromium, and about 
4 per cent of other elements including manganese, 
silicon, molybdenum, copper, and vanadium. After 
a high degree of coid drawing followed by a moderate 
heat treatment, it reaches a safe working stress of 
60,000 psi in shear and 100,000 psi in tension. Iso- 
Elastic is suitable for helical springs, spring scales, 
and other precision measuring elements. 

NiSpan-C is a constant modulus alloy of the 
Elinvar type manufactured by the H. A. Wilson Co. 
It contains 42 per cent nickel, 5.5 per cent chromium, 
and 2.2 percent titanium. Heat treatment will give it 
a yield strength of about 180,000 psi. An additional 
advantage is that the thermo-elastic coefficient can 
be controlled between wide limits by varying the 
heat treating or aging temperature, 

Frequently a small positive or negative value is 
preferable to a zero coefficient to compensate for 





Variation of thermoelastic coefficient with nickel. Base alloy: 
5.4 per cent chromium, 2.4 per cent titanium. FIG. 7 


Variation of thermoelastic coefhcient with chromium. Base 
alloy: 42 per cent nickel, 2.4 per cent titanium. FIG. 8 


Variation of modulus with chromium content. Base alloy con- 
tains 42 per cent nickel and 2.4 per cent titanium FIG. 9 
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Note: 


thickness in inches 
width in inches 
length inches 


deflection of free end in inches 
pullin ounces at free end 
torque in ounce inches 


4 = angular rotation in degrees 
4= angie in radians 
@ = change in siope in radians 


temperature change in F. 


Typical values for constants ore given in Table I 
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other temperature effects. A variation of minus 
10 x 10 to plus 10 x 10° per deg F is possible with 
Ni-Span-C of the above-mentioned composition. 
The thermal expansion coefficient commonly listed 
is 4.5 x 10* per deg F. Additional changes in the 
thermoelastic coefficient are obtained by varying 
the chromium and titanium content of this alloy. 
Figures 7, 8, and 9 show some of these variations. 
Ni-Span-C has been used also for vibrating-reed 
and similar frequency control devices that depend 
on magnetic and magnetostrictive properties. 
Table II in the April article of this series lists 
the common spring materials, their chemical com 
position, modulus and temperature characteristics. 
‘These temperature coefficients are accurate averages 
for the temperature range indicated in the tables. 
But these average values change somewhat for 
wider temperature ranges. It is important to use 
the value of the modulus within the temperature 
range to which the material will be subjected. 


Bimetal Elements 


Bimetal elements consist of two metals having 
different temperature coefficients of expansion, 
welded together so that they bend when heated. 
This characteristic has resulted in the application of 
bimetal elements in many regulatory and control 
components, especially those associated with the 
making or breaking of electrical contacts. 

Bimetal elements have been used as temperature 
compensators in on-off devices, such as automobile 
temperature-compensated cut-off relays, current lim- 
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iting devices, time delay thermostats, and circuit 
breakers. They have been used also as temperature 
compensators in chronometers and instruments. 

Basically, bimetal elements provide a zero shift 
correction as a function of temperature. To correct 
for scale error with a bimetal element in a propor- 
tional-type instrument, it is necessary to change one 
of the multiplying ratios of the instrument. These 
elements are available as cantilevers, in U-shape and 
in spiral or helix coil, as well as for obtaining straight 
line and zero motion of the end, and other special 
characteristics, 

Formulas for the commonly used shapes are shown 
in Figure 10. Table I lists the properties and con- 
stants for the bimetal alloys manufactured by the 
H. A. Wilson Co. Figure 11 shows their reflections 
as a function of temperature. 


Special Wire 


Most electrical elements in instruments contain 
one or more of the many available wire metal alloys. 
Special alloys have been developed to meet new 
requirements, and a designer can choose from many 
wire types. Wire is available with high or low changes 
in resistance with temperature, and these can be 
selected in a manner similar to the selection of 
low-coefhicient spring alloys. These wires can be 
used also for temperature compensation. 


Thermistors as Temperature Compensators 


Thermistors are thermally sensitive resistors whose 
electrical resistance decreases with an increase in 


Temperature-deflection curves for vari- 
ous bimetal combinations manufactured 
by the H. A. Wilson Co. Values given 
are for 0.050 by 0.25 by 3.16 in. strips. 
FIG. 11 





Grade / 


Grade 2-- 


Specific resistance, ohms-cms 


-100 
Temperoture, C 


Specific resistance variations with temperature for two typical 
thermistor materials. FIG. 12 


temperature. The large negative temperature coef- 
ticient of thermistors results in unusual nonohmic 
characteristics suiting them for regulatory functions. 
Figure 12 shows the variation of resistance with tem- 
perature for two grades of themistors over 500 deg C. 

To design a circuit using a thermistor for temper 
ature compensation, the thermistor must be exposed 
to the same temperature as the element being com 
pensated. Also the current through the thermistor 
must be limited to prevent self-heating of the ele- 
ment. 

The following example illustrates the application 
of a thermistor in a circuit requiring temperature 
compensation. 

PROBLEM: What should be the resistance value 
and physical size of a thermistor to compensate for 
the resistance changes of a copper coil having a 
resistance of 52 ohms at 25 deg C. The current is 
0.4 milliamp and the temperature range is 37.8 deg C. 

SOLUTION: The positive temperature coefficient 
of copper is 0.0039 ohms per ohm per deg C. Thus 
the copper coil will have a resistance of 52.0 minus 
(52.0 x 0.0039 x 25), or 46.9, ohms at 0 deg. C and a 
resistance of 52.0 plus (52.0 x 0.0039 x 12.8), or 
54.5, ohms at 37.8 deg C. This gives a total resistance 
change of 54.5 minus 46.9, or 7.6 ohms. 

A typical thermistor with a negative resistance 
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Compensation technique for wide temperature ranges. Ni- 
chrome resistor has slightly positive temperature coefficient. 


FIG. 13 


change of 7.6 ohms over this temperature range (with 
maximum average coefficient) has the following re 
sistance values at the specified temperatures. 


0 25 37.8 


Temperature, deg C : 

Resistance, ohms 20.7 14.5 13.1] 

Thus at the various temperatures, the combination 
of coil and thermistor in series will have resistances 
as follows: 


0) 25 37 


‘Temperature, deg C 
Coil resistance, ohms 46.9 52 54. 
Thermistor resistance, ohms 20.7 14. 3. 


Total series resistance, ohms 67.6 66. 67.6 


Therefore the total resistance of the series circuit 
varies 1.7 per cent over the temperature range, 
while the coil resistance by itself varies 15 per cent. 
‘The maximum wattage to be dissipated by the ther 
mistor occurs at 0 deg C. Since the current carried 
by the thermistor is 0.0004 amp, this wattage will be 

W = IR = (0.004)?(20.7) 0.00000033w 
This is practically negligible; so a small thermistor 
can be used. 

‘Temperature compensation over a wide tempera 
ture range can usually be accomplished by shunting 
the thermistor with a material having a slightly posi 
tive temperature coefficient of resistance such as 
nichrome, This method is shown in Figure 13. 
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target 


Radiation source pinpoints tumor. FIG. 1 


. . . bv means of this beam-focusing mechanism. FIG. 2 


Moving Source Makes Radiation Therapy Safer 


A servo-controlled lead-shielded radiation source follows 


a computer-generator sphere to concentrate tissue-destroy- 


ing rays at the tumor. 


L. J. BULLIET, W. F. & John Barnes Co. 


“Teletherapy” is relatively a new 
word and does not yet have a clearcut 
definition. It pertains to the treat- 
ment of disease with emanations from 
radioactive substances. It particularly 
applies to such treatment when the 
radioactive material is not embedded 
in the tissues of the patient’s body. 

Generally, the rays used for tele- 
therapy are gamma rays from such 
radioisotopes as cobalt 60 and cesium 
137. These rays are similar therapeu- 
tically to x-rays from a 1- or 2-million- 
volt x-ray tube. 

X-ray therapists realized early that 
the benefits of these rays were limited 
because healthy tissues might be in- 
jured by overexposure. It is almost im- 
possible to irradiate a tumor without 
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simultaneously irradiating healthy tis- 
sues. Thus the dosage to overlying 
tissue and tissue beyond the tumor 
severely limits the amount of treat- 
ment possible. 

The difficulty has been met partly 
by a technique called “‘cross-firing”’. 
Here the tumor is given a treatment 
with the beam passing in one direc- 
tion through the tumor. The next 
treatment penetrates the tumor at a 
different angle. Thus, the tumor gets 
two treatments but the nearby healthy 
tissue gets only one. Sometimes it is 
possible to treat from three or more 
directions, and for subsequent treat- 
ments the different directions are used 
in rotation. 

“Moving beam therapy” is a fur- 
ther refinement. In this technique 
the angle of the beam changes con- 


stantly during treatment, while the 
tumor remains at the “focal point” 
or center of motion. 

A machine delivered recently to the 
Medical Division of the Oak Ridge 
Institute of Nuclear Studies controls 
movement of a radioactive source of 
gamma rays over a spherical locus 
(Figure 1). The rays are directed 
through a target point fixed in space 
at the center of curvature of the locus 
surface—the center, if the locus is a 
sphere. The radius of the locus is ad- 
justable to permit variation in source- 
to-target distance. 

The cylindrical object suspended 
between the arms of the fork in Fig- 
ure 2 is a shielding container for 
radioactive material. This container 
or “head” is made of lead clad in steel. 
A power-driven massive shutter pre- 





vents significant passage of gamma 
rays through the outlet port when no 
treatment is in progress. The struc- 
ture provides four basic motions: head 
tilt, vertical, horizontal across the 
ceiling ring, and azimuth motion 
about a vertical axis at the center of 
the ceiling ring. Any motion desired 
may be had by coordinating the basic 
motions. Neglecting the azimuth 
motion, the remaining three may be 
coordinated to move the head along 
a circular arc in a vertical plane. 

Specifically, consider the tilt angle 
with respect to vertical (Figure 1). If 
this angle alone changes, the beam no 
longer passes through the target point. 
If as this angle changes, however, the 
vertical position of the head changes 
with the cosine of the angle and the 
horizontal position with the sine, the 
source follows the chosen arc of con- 
stant radius and the beam stays on 
target. 

The coordinated motions just de- 
scribed sweep the source along a meri 
dian. Rotation of the assembly, in 
azimuth, about the vertical axis 
changes the plane of the meridian 
described. Thus, a combination of 
motion along the meridian with rota 
tion in azimuth permits the source to 
be placed at any point on the spherical 
surface. 

The four motions are produced bv 
de motors position-served to ten-turn 
potentiometers in the coordinating 
mechanism, Figure 3. The four poten- 
tiometers are labeled “‘transmitters.” 


Electromechanical analog computer 

derives orthogonal components of 
tilt and for vertical and horizontal 

positioning of head. FIG. 3 


The shaft from the tilt transmitter 
extends through gearing to a crank 
arm shown at the right in Figure 3. 
The crank-pin in this arm engages the 
slots of two perpendicular Scotch yoke 
links, which drive the horizontal and 
vertical transmitters as the sine and 
cosine of the tilt angles. 

Reference back to the description of 
head motions will show that they 
provide the coordinating relation be 
tween the tilt angle and the hori- 
zontal and vertical movements of the 
radiation head. 

Though not shown in the simpli- 
fied sketch, the distance of the crank- 
pin from the center of the shaft is 
adjustable. Thus, the radius of the 
sphere over which the head passes can 
be changed to give the source-to-tumor 
distance needed for treatment. 

The tilt transmitter shaft can be 
driven by the “tilt motor’ or by the 
“tilt cam.” A magnetic clutch, be 
tween the tilt motor and the gear that 
meshes with the tilt-cam follower 
rack, connects either the motor or the 
cam, but not both, to the tilt trans- 
mutter. 

The azimuth transmitter also may 
be driven from the ‘azimuth motor” 
or in response to the “azimuth cam” 
which is mounted on the same shaft 
as the tilt cam. The cam shaft which 
carries both the tilt cam and the 
azimuth cam is driven by another 
variable-speed motor designated as the 
‘“cam-shaft motor.” 

There are pushbutton controls for 
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each of the three drive motors. ‘Thes 
motors may be started, stopped, and 
reversed, and their speeds are variabk 
independently. 

Conical or other specialized motion 
can be generated by specially prepared 
cams, driven at the proper speed by 
the cam-shaft These special 
cams are made by manually maneuver 
ing a desk-sized model of the ma- 
chine and plotting the readings of in 
dicators on the model. A near-infinite 
variety of travel paths can be dupli- 
cated accurately by properly shaped 


motor. 


cams. 

[he very sensitive servo amplifier 
has two stages of magnetic amplifica 
tion followed by a pair of thyratron 
tubes, which supply current to the 
motor. The thyratrons are connected 
“‘back-to-back”” in a_ half-wave, con- 
trolled rectifier circuit. When the un 
balance voltage is of one polarity, the 
magnetic amplifier causes one thyra 
tron to conduct and drive the motor 
to reduce the unbalance. An unbal 
ance of the opposite polarity causes 
conduction of the other thyratron and 
the motor runs in the reverse direc 
tion. 

The operator of this machine stays 
in a room adjacent to the treatment 
room while a treatment is in progress. 
A massive concrete wall between the 
operator and the machine protects 
him from the gamma rays. He may 
view the patient through a window 
which is transparent to light but rela- 
tively opaque to gamma rays. 
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Robot Train 


Follows Unseen Rail 


from Plant to Plant 


K. ASAI and Y. HABU, Kanegafuchi Spinning Co., Ltd. 


Savings in operators’ salaries paid off the 


cost of these unmanned trains in less than 


two months. 


The Sumoto Mill of Kanegafuchi 
Spinning Co., Ltd. is one of Japan’s 
biggest, producing 8,800,000 Ib of 
cotton yarn and 31,500,000 yards of 
cotton piece goods each year. 14,600 
lb of yarn must be carried each day 
over the 4 mile route from the spin- 
ning plant to the weaving plant, and 
until recently this job required hu- 
man workers. 

Because the route is outdoors and 
not straight, a conveyor system would 
be quite expensive. A very simple 
battery-powered electric train (see cut) 


has proved an excellent answer to the 
problem. 

The locomotive is three-wheeled, 
the single front wheel being pivoted 
for steering. An electromagnet at- 
tracted to an iron strip laid under the 
paved road is linked to the steering 
wheel and acts as pilot. The iron 
strip is an unseen rail, which the train 
follows from the spinning plant to the 
weaving plant. 

The train is not dangerous to pedes- 
trians because it is so small, about 22 
in. high, and moves so slowly, about 


2 mph. And an emergency stop switch 
is built in the front bumper. 

In normal operation the train is 
stopped at the end of its run by a 
bar that trips the lever that can be 
seen extended from low on the side 
of the locomotive. To make the op- 
eration completely automatic, the 
doors of the plant buildings are re- 
lay-operated to open and close as the 
train approaches or leaves. 

The entire cost of the development 
and installation was payed off in less 
than two months. 


Jet Engine Gets Silent Treatment at Northrop 


Here’s one of the factors in the engaging personality of Silent Sam, Northrop Aircraft’s 
electro-mechanical engine circuit inspector. It’s one of two 50-hp variable drives that 
simulate the engine being tested. In the picture it’s at work on a Scorpion F-89D. 
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There’s a hush around Northrop 
Aircraft’s assembly line these days. It’s 
due to good breeding—and design—of 
Silent Sam, the stoical electro-mechan 
ical engine circuit inspector. 

Silent Sam was pieced together from 
some vari-drives, a load simulator, con 
trol boxes, and some octopus-like con 
necting cables. As a unit he is capable 
of neatly checking out a Scorpion 
F-89D’s engine circuitry—and before 
the power plant gets into the airframe. 
Sam's quiet efficiency has cut down 
engine runup time from eight to two 
hours—and has slashed the thunderous 
test decibels by a proportionate factor. 

While it takes 40 minutes for 
Northrop test engineers to hook up 
the silent simulator, it requires only 
five minutes for the actual survey of 
all circuits which lead to and from the 
turbojet engine. Two 50-horsepower 
drives right on Sam’s roller platform 
simulate the engine. 





Automation 


—your dream for tomorrow 


may be operating today! 


Is completely automatic pri duction your 
hope and goal? There is much reason to 
believe you can have it now. In industry 
after industry Cutler-Hammer engineers 
and Cutler-Hammer Automatic Control 
have transformed plans many would call 
visionary into astounding realities. Your 
dream for tomorrow may be operating 
today! 
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mpletely automatic production lines each turning 


raw stock into fully finished automobile tires at the 
rate of nearly five tires per minute. Automation by 


Cutler-Hammer engineers and Cutler-Hammer Con 
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Two completely automatic mills for turning raw stock 
into finished tubular products for the oil fields. No. 1 
Mill makes pipe up to 16” in diameter. No. 2 Mill 
makes pipe of 6%” diameter and smaller. 140 ac 
motors and 150 dc motors from | hp to 150 hp are 
used. 100% Cutler-Hammer Control; ac panel 112 
feet long, dc panel 80 feet long, both 7 feet high. 
Cost of contro! $500,000. 


The scope of Cutler-Hammer ex- 

perience in automation has been 

indicated without specific identi- 
fication of the installations in deference 
to the almost universal desire for confi- 
dential handling of such advanced de- 
velopments. 
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SATISFACTION MULTIPLIED 
3x8x8x38x2x5 

















Service Conditions primarily determine the Bourdon Tubes of 8 different types of metals 
pressure gauge you specify for your installation. to meet specific service requirements. 


> wrong gauge Cé “ost time, trouble, and mine : 
The wrong gauge can cost t t Pressure Ranges from 30” vacuum or a few 
money. 


J ounces through 100,000 psi. 


That’s the big reason why Ashcroft Duragauges Rotary Geared Movements that include the 
make sure of your complete:satisfaction by offer- famous “Nylon Movement” or all stainless 
ing a multiple choice in case designs and mate- steel. 
rials, Bourdon tube materials, ranges, movements, 
and dial sizes. Briefly, you can select the right 
gauge for your requirements from: Most important, Ashcroft Duragauges provide 
that unbeatable combination of highest sustained 
Cases of 3 different materials in 8 service- accuracy and durability of any pressure gauge 
proved designs. built. 


Dial Sizes from 414” through 12”. 


TAKE ADVANTAGE of the counsel of your nearby Industrial Supply Distributor. 
You can count on him to help you select Ashcroft Duragauges that will serve better 
and longer, with minimum maintenance, no matter how severe the conditions 

of vibration, pulsation, corrosion and weather. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


MAXWELL 


A product of MANNING, MAXWELL & MOORE, INC. sTRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. 
“SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich. 
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This demagnetizer doesn’t need a high-power source, can’t get off resonance, has inexpensive 
control elements, and gives reproducible results—to cite a few of its advantages. 


Calibrate Instruments with 


a Self-Resonant Demagnetizer 


F. J. LINGEL and V. T. BURKETT 
General Electric Co., Syracuse, N. Y. 


Ihe magnet of an electric indicat- 
ing instrument generally is charged 
to saturation during manufacture. 
The instrument’s control springs then 
are cut to give a somewhat high indi- 
cation for full-scale current. Final in- 
strument calibration is made _ by 
“pulling down” the magnet until the 
instrument indicates precisely full 
scale on an accurate calibration cur- 
rent. 

Pull down means reducing magnet 
air-gap flux and is done by applying to 
the magnet an alternating flux that 
decreases with time. A very large 
number of ampere-turns is needed. 
Most demagnetizers for this purpose 
use the 60-cps line directly and force 
a large current through the pull-down 
coils by some method such as: 
> Stepping up the line voltage from 
110 to 440 
> Tuning out the demagnetizing coil 


inductance with several microfarads 
of capacitance. 

P Using large-wire low-resistance de- 
magnetizing coils and momentarily 
overloading them 

> Applying fractions of a cycle to the 
coil through a thyratron switching 
circuit 


SELF-RESONANT DEMAGNETIZER 


The demagnetizer of Figure 1 pro- 
duces a self-resonant ac pulse of gradu- 
ally decreasing amplitude by simply 
discharging a condenser through the 
demagnetizing coils. The condenser 
is alternately charged and discharged 
through a multivibrator-timed relay. 
The charge is slow, from a low-power 
de supply with a small Variac con- 
trol. ‘The discharge is fast, having a 
peak current of 40 amp that decays to 
zcro in % sec with the waveform of 
igure 2. 

Some other facts about the circuit 
shown: maximum charging voltage, 
1,200 vde; 1,000-turn coil gives 40,- 


(00-ampere-turn demagnetizing force; 
self-resonant frequency, 122 cps. 
These factors are obviously variable. 

In Figure 1, switch 2 shorts the 
meter terminals for zero check dur: 
ing the demagnetizing pulse when in 
position 1. In position 2 the mete? 
is connected all the time, even during 
the ac pulses. Position 3 turns off 
the demagnietizer (multivibrator gric 
shorted) and shorts the meter for 
zero check. 


MANY, MANY ADVANTAGES 


Chis demagnetizer system has many 
idvantages over usual methods. For 
example, it: 

P Iliminates possible damage to in- 
strument pivots, jewels and springs by 
using higher ac flux frequency. The 
usual 60 cps line frequency Can Cause 
considerable vibration of the moving 
clement resulting in damage to pivots 
and jewels and distortion of the con- 
trol springs. 

P Removes demagnetizing flux peri- 
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bw! Patented! 
», Superetructure 


REVERSE VALVE ACTION 
THROUGH THIS OPENING 


Now Possible — 


TREMENDOUS SAVING OF REVERSAL TIME 
(Only 7 Minutes Required) 
® Superstructure. Remains in Place 


® Plug Stem — Spring Stem Coupling 
Undisturbed 


® Body Stays in the Line 


CONSOLIDATION OF SPARE PARTS 


® Direct and Reverse Topworks 
Identical 


® Plugs Pinned to Seat Upward or 
Downward as Required 


175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I. . S. me 


SALES OFFICES IN ALL PRINCIPAL CITIES 


MANUFACTURING PLANTS IN WARWICK, R. 1., U. S. A., CANADA, ENGLAND, FRANCE AND HOLLAND 


CANADIAN MANUFACTURING AFFILIATE--GUELPH ENGINEERING CO., GUELPH, ONT. 
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Output of the demagnetizer is a highly 
damped oscillation. Peak current is 40 am- 
peres; markers are 5 millisec. apart. FIG, 2 


Demagnetizer in a typical 


calibration setup. FIG. 3 y 


odically by applying ac in shaped 
pulses. This helps establish a steady 
meter reading and permits more ac- 
curate setting of the demagnetizing 
coil current for proper adjustment. 
With present methods pointer vibra- 
tion often results in demagnetizing 
too far. 

> Eliminates heavy power line surges 
which can disturb calibrating equip- 
ment connected to the same ac 
lines. This is done by taking the de- 
magnetizing energy from the conden- 
ser in a large pulse for a short time 
and charging the condenser at rela- 
tively low current for a longer time. 

> Eliminates need for running special 
high current ac line for the same 
reason. 

P Reduces size, weight, and cost to 
approximately one-third that of de- 
magnetizers of the usual design, which 
need also special transformers, control 
Variacs, condensers, and connectors. 
> Permits smooth fingertip control on 
a small Variac. ‘This means more ac- 
curate setting of the current in the de- 
magnetizing coils. 

> Causes less zero shift and scale dis- 
tortion of the instrument being cali- 
brated because of high flux density, 
higher frequency, and smoothly de- 
caving pulses. All the factors that 
influence the final magnetic field are 
uniform from one instrument to the 
next, promoting uniformity of calibra- 
tion. These factors are demagnetizing 
flux peak magnitude, pulse decay rate, 
time between pulses, frequency, and 
build-up time of pulse. 

> Gives higher demagnetizing force 
and thus permits setting the coils for 
more nearly parallel flux lines. This 
also helps toward less zero shift and 


scale distortion. 

P Gives full demagnetizing action, 
practically independent of the size 
of the device being demagnetized. 
The coil and condenser are always 
self-resonant (although the frequency 
varies) regardless of the amount of 
iron in the coil. In the 60-cps con- 
denser-tuned systems the resonant 
point depends on the iron in the de- 
magnetizing coil and with large in- 
struments or steel panels these com: 
binations are often off resonance and 
full flux cannot be reached. 

P Uses a small inexpensive relay with 
relatively light contacts to establish 
the pull-down pulses, because on both 
contact breaks zero current is flowing 
in the contacts. ‘That is, on the 
charge cycle, the contact breaks only 
after the condenser is fully charged 
and contact current is zero. On the 
discharge cycle the contact breaks 
after the condenser is fully discharged 
and the contact current is again zero. 
P Allows ready adjustment of the de- 
magnetizer frequency by changing the 
values of the charging capacitor and 
the demagnetizer coil. This permits 
optimum demagnetization of differ- 
ent magnetic materials with various 
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thicknesses and shapes. 

> Permits shaping the demagnetizing 
pulse by several means to permit the 
proper degree and kind of demagneti- 
zation. One example is the pulse shape 
that may be needed on special sensitive 
indicating instruments, where a 
gradual pulse build-up from zero to 
maximum, would still further reduce 
the shock on the moving element. 
[his can be done by adding a coupl- 
ing transformer between the charging 
condenser and the demagnetizing 
coil. The pulse in the secondary 
would then start from zero, gradually 
build up to a maximum, and decrease 
again to zero. 

> Makes different pulse 
lengths. Vor example, resistance in 
series with the coil lengthens the 
pulse, and using pie coils or bank 
windings in the inductance increases 
the O of the system and shortens the 
pulse. 

I'wo of these self-resonant demag- 
netizers have been in use by General 
Electric for almost two years. Both 
units have given very satisfactory 
service and have definitely contributed 
to faster and more accurate instru- 
ment calibration. 


possible 
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MAGNETIC AND ELECTRICAL METHODS OF NON- 
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A graphic panel in a central office of the Rio Bravo station completely 
controls the pumping of 80,000 barrels per day of crude oil and the 
storing up to 880,000 barrels. Measurements of tank gage and tank 
average-temperature are brought to other panels in the same office. 


FIG, 1 


The electric-motor-driven valve operator adapts to the valve stem. 
On rising stem valves (shown), it operates the yoke nut which is ordi- 
narily driven by the hand wheel. On non-rising stem valves, it attaches 
directly to the stem in place of the hand wheel. FIG. 2 


Rio Bravo Pump Station Goes 


J. S. PATTERSON and W. B. KNUPP* 


rom the oilfields in the southern 
end of California’s San Joaquin Val- 
ley, the Rio Bravo gathering and 
pumping station accumulates various 
types of crude and pumps them to the 
refineries. Its equipment—including 
an aggregate storage of 880,000 bar- 
rels, seven steam-driven main _ line 
pumps and oil heaters, ten boilers, 
215 valves with an average size of 
8-to-10 in., and two Zeolite water- 
treating plants—sprawls over 80 acres. 

In a plant of this nature the con- 
trol engineer aims to bring all instru- 
ments and control adjustments to one 
point so that the operator may con- 
trol the plant from one central “‘driv- 
er’s seat.” Without centralized con- 
trol, the operator is out of touch with 
most of the 80-acre plant. A graphic 
panel mounted on one wall of the 
station office centralizes the opera- 
tion. The panel, Figure 1, shows 


* Authors are pipe line engineer and 
chief engineer, respectively, Pipe Line De- 
partment, Standard Oil Co. of California, 
Western Operating Division. 


lines, tanks, valves, and other oil-han- 
dling facilities. Valve-indicator lights 
are installed in the location of the 
valve with which they are associated. 
Pushbuttons at either side of the panel 
control the remote valve motors. 


VALVE OPERATION 


A careful analysis determined fre- 
quent and _ infrequent operations. 
Controls for the frequent operations 
were brought into the central control 
room, whereas the infrequent ones 
were left on manual, local control. 
Because only 32 of the many oil valves 
in the yard required frequent opera- 
tion, the remotely controlled electric 
motor operators shown in Figure 2 
were installed on them only. A “ham- 
mer blow” device starts the valve. 
Motion-limit switches stop the valve 
at its fully-opened and fully-closed po- 
sitions. A torque-limiting switch pre- 
vents overstressing the valve or oper- 
ator parts during the closing cycle 
when there is an obstruction in the 
valve and assures solid valve seating. 


TANK GAGING 


The operator must be able to deter- 
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- 
a 


a 


Automatic 


mine accurately oil height in the 
tanks. A gaging error of only 4 in. in 
one of the large tanks means a volu- 
metric error of about 30 bbl. The 
remote-reading Selsyn tank-gaging sys- 
tem shown schematically in Figure 3 
is installed. It has proved accurate 
to within % in. The Selsyn receivers 
connect through field relays to each 
Selsyn transmitter. When the opera- 
tor positions the selector switch for a 
particular tank and pushes a reset but- 
ton, the field relay at that tank is ener 
gized, the two pairs of Selsyns syn- 
chronize, and the receiver dials indi 
cate the level of oil in the tank. 


TANK TEMPERATURES READ REMOTELY 


Because petroleum expands and 
contracts considerably with tempera- 
ture changes, volumetric calculations 
must be temperature-corrected. The 
averaging resistance temperature in- 
struments, installed as shown in Fig- 
ure 4, read remotely to within 4 deg 
F error 

The resistance elements, a stepping 
switch at each tank, and a tank-selec- 
tor switch at the indicating poten- 
tiometer in the station office, are the 
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You’re covered across the 





when you use K-21 MAGNETIC STOP VALVE 
General Controls’ line of quality automatic controls Packless—2 way 


normally closed. 


; : ; For air, gas, steam, 
More and more designers find one simple rule short-cuts their control problems aie ae ene. 
with a quick solution: “Check General Controls first!” For the chances are sive fluids. Pres- 

° ay a sures to 300 psi. 
the complete GC line has the perfect answer to your problems whether it’s a Forged brass body. 


time switch or thermostat, a midget solenoid or mighty hydramotor. Get a 
acquainted with the branch office (one of 38) nearest you ...one source 
one responsibility—near at hand—at your service. 


K-27 MAGNETIC VALVE K-10 MAGNETIC VALVE K-15 MAGNETIC VALVE K-123 MAGNETIC VALVE 


Stainless steel for 
high sulphur fuels, 
syrups, juices, 
acids, alkalis, etc. 
Pressures to 300 
psi. Midget size. 
Multi poised — op- 
erates in any posi- 
tion. 


K-273 MAGNETIC VALVE 


3 way flow or 
mixer type. Com- 
pact, multi poised. 
For air, water, hy- 
draulic fluids— 
charging or empty- 
ing systems. Nor- 
mally open or 
closed. Choice of 
flow patterns. 


Lever action for 
higher seating 
pressure. Excellent 
general purpose 
valve for primary 
fuel, feed water, 
steam, air. (300 
psi max. operating 
pressure differen- 
tial.) 


TIME SWITCHES 


Wide selection for 
domestic and com- 
mercial use — 
spring wound or 
motor driven, nor- 
mally -open or 
closed. For venti- 
lating, lighting, re- 
frigeration, etc. 


Piloted piston de- 
sign. Large flow 
capacity with low 
pressure drop. For 
air, gas, steam, oil 
derivatives. Versa- 
tile — with 3 coil 
classes, 5 seat 
variations. 


HYDRAMOTORS 


Wide range of 
types in complete 
range of pipe 
sizes and body 
styles to provide 
safe, dependable, 
durable answer to 
all liquid tragsfer 
problems. 


3 way—for nor- 
mally open or 
normally closed 
directional control 
and mixer applica- 
tions—on pneu- 
matic or hydraulic 
operated devices, 
machine tools, etc. 


AIR MOTOR VALVES 


Air-operated dia- 
phragm valve for 
modulating con- 
trol. Normally open 
or closed, 3 way, 


- or slide gates. 


Selection of vari- 
ous inner valves, 
body sizes and con- 
nections. 


ANK, CAL. + SKOK 


MANUFACTURERS OF AUTOMATIC CONTROLS FOR THE HOME, INDUSTRY AND THE MILITARY 
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Selsyn motor 
_ feceivers 


Perforated 
stee/ tope 


‘ 
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Se/syn motor 


/nches 
Vg transmitters 


L 





Transmitter ‘cable 
tonk to office 


Tope drum 
housing 


weight 


Arrangement of primary components of automatic tank 
gage systems using Selsyns for remote transmitting and receiv- 
ing of readings. The several transmitter pairs share a single 
pair of receivers through selective switching. FIG. 3 


IDEAS AT WORK 


Stepping switch 



































L 
| 
| 
| 
| 
| 
| 
| 

J 














To office 


receiver panel Resistonce element assembly 


Resistance temperature elements connect to stepping 
switches controlled from the indicator in the station office. 
Each element reads average temperature over a range of liquid 
level: 3 ft to 5 ft, 5 ft to 7 ft, etc. FIG. 4. 


components of the system. ‘To read 
average liquid temperature in a par- 
ticular tank, the operator positions 
the tank-selector switch. Then he de- 
presses the liquid-level switch that 
corresponds to the level in the tank. 
This supplies a _ pulsing voltage 
through an interrupter relay until the 
stepping switch reaches the proper po- 
sition. After the temperature has been 
taken, the stepping switches return 
automatically to reference position. 


AN ELEPHANT IN THE BOOTH 


bat net swt 
eslencw 

data "odes? repent 
ani prone concn 








In several tanks, considerable water 
scttles out of the oil and accumulates 
in the bottom. This water must be 
bled off more or less continuously so 
that it will not be delivered out of the 
station with the crude oil. An elec- 
tronic capacitance instrument, with 
plates at the desired elevation of the 
oil-water interface, operates a relay at 
a set capacitance. The relay opens a 
water bleed valve until the interface 
returns to within the dead-band. 


I'he station features many more in- 
strumentation and control devices. 
Most of this equipment, plus that 
used in the boiler plant, is pneumatic: 
P Recording  gravitometer which 
weighs a fixed volume of oil 
> Oil temperature control 
> Main line pump control: Manipu- 
lation of supply steam valve controls 
pump discharge unless suction drops 
too low or pump rotates too fast, when 
overriding controls take over. 


.. AND EQUIPMENT IN ROOM 984 





Benson-Lehner solved its space problem at the recent Western Computer Con- 
ference in Los Angeles by setting up a working display upstairs. 
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Clear, Continuous Records without 
Poisoning ...on the New Bailey Recorder 


% Faithful chart records of measured variables are the key to a meaningful, depend- 
able analysis of operating trends and conditions. Money spent for more accurate 
metering, for faster response. is money down the drain—unless it’s matched with 
chart records that are equally accurate 


That’s why these features of the new Bailey Recorder are important to you: 


|. Bailey's exclusive sealed capillary-action inking system maintains continuous flow 
to the pen tip, and traces sharp, opaque, quick-drving records. “Poisoning” of inter- 
secting records is practically eliminated; no blots or smears during operation or 
chart changing. 

2. Pens are mounted on concentric centers, trace on parallel time arcs only 42/1000” 
apart. This simplifies analysis of two or more records. 

3. Interchangeable plug-in receiver units permit practically limitless record-grouping 


combinations. 


Write for Product Specification E12-5 and actual chart sample. 


ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


Pre-calibrated plug-in receiver units 





Up to four pneumatic or electronic receivers 

—or two receivers and two integrators Coutrols for 
Any four variables on one chart—easily 

read and interpreted 1079 IVANHOE ROAD TEMPERATURE 
A full year’s ink supply at one loading PRESSURE 
Faster shipment—from stock GAS ANALYSIS 
Minimum inventory of parts 400) Aeua sae 


Minimum instrument investment for process Controls for Power and Preceded — ewnio_ v«nsity 


cycle expansion or alteration 
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Precision Boring 


_— ae 
Precision Turning Precision 


and Boring ' Welding 


A modern plant of 350,000 square feet 
. the finest machinery and equipment 
for the manufacture, assembly and test 
of precision electronic, electro-mechanical, 
Sacemaal mechanical and nuclear instruments... 
Plating add to these a highly skilled staff of 
research, development, engineering 
and manufacturing specialists and 
an experienced management... 
means Daystrom can do the complete 
job, from drawing board to finished 
product... ALL UNDER ONE ROOF! 


Precision Geor 
Cutting 


Hobbing 56” 


Precision Boring, 
Ring Gear 


Turning and Threading 


aystrom by 3 


Brochure 


MS UFUIME Nag 


i to Daystrom Affiliates: = an : 
Division of American Gyro; Heath Company; us “<< 
Daystrom, Inc. Daystrom Electric Corp.; — 


i te “ating i 
American Type Founders, Inc.; <a 


Daystrom Furniture Div. = 
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PRESET COUNTER with electronic and electromechanical com- 
ponents controls and indicates machine motion. 


Machine control through pulse 
count is the function of this product. 
Simple, rugged, and using economical 
electro-mechanical parts, it alternately 
counts two series of pulses for propor- 
tional or motion control. Counting at 
rates up to 20 cps through two 50 
position stepping switches, it records 
a maximum of 2500 counts on each of 
its two counting sections. Count is 

«indicated by Inditron counter tubes. 

Shown above is its application with 
a Sheridan-Gray 40-ton stretch-wrap 
forming machine. The controller's 
function here is the limit and indica- 
tion of the forward-backward motion 
of an hydraulically-operated die used 
for forming aircraft door-frames. The 


The block diagram + 





Transmitter switch 
photocell, transducer 
or thermocouple, etc 











Iniput 1 


transmitter in this case is a 16 pole 
commutator which triggers the grid of 
a thyratron in the receiver by charg- 
ing and discharging a capacitor con- 
nected across the commutator bars. 
The transmitter is driven by a chain 
drive. Photocells could be the pick-up 
used. Set-up time is saved because on 
a re-run the known numbers can be 
quickly programmed simply by setting 
the count switches. 

When the count of the stepping 
switches reaches one of the two four- 
digit preset numbers on the instru- 
ment’s face, a driver tube operates a 
relay and provides an output control 
signal. A separate counting circuit 
operates similarly, as shown in the 


Closeup of Control Station 





Transmitter switch 
photocell, transducer 
or thermocouple, etc. 
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Visual count indicator 
American electronic 
controller 
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Motor start- 
Stop switch, 
valve,etc 
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Motor start- 
Stop switch, 
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LISTING IN GROUPS 





1- 6 
7-11 


Some Unusual Systems 


Some unusual 
Components 


12 A Camera Transducer 
Electronics in Control 
Valves for Control 
Four New Gyros 
Power Supplies 
Process Controllers 
Counting Devices 
Pots and Pickups 
Control Miscellany 


block diagram, providing the controller 
with two inputs and two outputs. 
Uses in batch mixing operations, con- 
veyor systems, and similar, are also 
envisioned. American Electronic Mfg., 
Inc. Instrument Div. of American 
Electronics, Inc., 9503 W. Jefferson 
Blvd., Culver City, Calif. 
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200 PRESSURES caught 
in a split second. 


The object of this system is the in- 
stantaneous read-out of up to 200 
pressures with an accuracy of one part 
in 2,000. Use for this is seen in wind 
tunnels, process systems, engine test- 
ing labs, ete. 

Here’s how the works: 
Many air pressure inputs are led to 
one point and at the exact desired in- 
stant of read-out they are sealed in 
their lines by solenoid valves. Having 
bagged the many air pressures to be 
measured, they can now be “read in 
leisure”. ‘The reading process is very 
fast, however, and accomplished in 
one “sweep”. All of the trapped pres- 
sures are compared with a single mani- 
fold pressure, which increases through 
the maximum desired range. Each 
trapped pressure equals the manifold 
pressure when a “read-out relay’ as- 
sociated with each is opened. ‘The 
rising manifold pressure sends signals 
into a capacitance memory associated 
with each read-out relay before the 
relays begin operating. The value 
of each pressure now being in storage, 
each can be read in any sequence by 
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any type of print-out device desired. 
One of the more unique aspects of the 
system is the Press-I-Cell which trans- 
lates the rising manifold pressure 


Digital 


Comparator 








Control 


Programmer 


CONVERTER SYSTEM changes analog to digital and back. 


With this converter system, analog 
inputs, such as from process pickups, 
can be converted to digital signals, 
recorded on tape or other medium, 
or computer manipulated, then recon- 
verted into an analog voltage, which 
can be used as a control signal for 
an analog element. 


Application of the DATRAC con- 
verter includes machine-tool control, 
where digitally prepared control in 
formation can be converted to con- 
tinuous voltages for tool movement. 
In psychological measurement, it can 
convert slowly varying information 
into a visual display and accurate 


Digital 


read-out relay contacts 


“sweep” into pulses. Fischer & Porter 
Co., 356 Jacksonville Road, Hatboro, 
rs, 

Circle No. 2 on reply card 


Niielatelehae, 
Reference 


Code 
Te) 


Voltage Converter 


Digital 





Code 


Register 


numerical form. Analog signals can 
be recorded and played back with 
an accuracy of one part in a million. 
Models are available for multiple- 
channel use and high speed or high 
accuracy emphasis. Epsco Inc., 688 
Commonwealth Ave., Boston, Mass. 

Circle No. 3 on reply card 
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NEW PRODUCTS 


ANALOG COMPUTER features 
building-block conveniences. 


Put together along building-block 
principles, this new Reeves analog 
computer features a new way to verify 
problem solutions. Problem Check, 
developed by Reeves for this com- 
puter, operates directly from the prob- 
lem equations and consequently veri- 
fies the operation of every component 
used in running, patching, and dia- 
gramming the problem from the equa- 
tions. All components plug in from 
the front so that spares can be used 
to quickly replace sections which may 
require servicing. All routine adjust- 
ments are accomplished from the 
front of the panel on this “400” 
series REAC. Reeves Instrument 
Corp., 215 E. 91st St., N. Y. 28, N. Y. 


Circle No. 4 on reply card 
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DIGITAL INPUT converts any arithmetic code to analog output. 


For the manual conversion of data 
into X-Y voltages, three banks of pre- 
cision resistors are connected to the 
keys of this keyboard through wiper 
contacts aimed at low-contact resist- 


ance without sticking. Connected to 
an X-Y plotter, the punched-in values 
of X and Y are transformed into 
voltages that drive the pen mechan- 
ism to the appropriate point, where- 


4-Leg 
~ BUFFER | 


Assertion + 


AMPLIFIER 


(one pulse period) 
Negation — 





KEYBOARD VOLTAGES fed into plotter provide X-Y points. 


This new device controls the angu- 
lar position of a shaft from digital 
input. With typical speeds of 3,000 
increments per sec and unlimited 
accuracy, it will position plotting 
board coordinates from a computer 
output, set machine tool dimensions 
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through a lead screw or dividing head, 
and remotely set analog computer 
inputs, chemical flow valves, process 
control set points, or test equipment. 
No translator is required for any 
arithmetic code, and input consists 
of contact closures representing digital 


upon the pen lowers and marks a 
dot. Quadrant location of the point, 
positive or negative, is achieved by 
switches on the face of the keyboard, 
which reverse the connections of the 
input power, normally taken directly 
from the associated plotter. Libra- 
scope makes two models and a 
punched card converter system, too. 
Librascope, Inc., Glendale, Calif. 


Circle No. § on reply card 


quantities. These contacts carry 1 ma 
from the Microsetter’s power supply 
and may be manual switches, card or 
tape readers, or relays. They remain 
stationary during each setting opera- 
tion. The unit then positions an out- 
put shaft to any number, or fraction, 
of revolutions specified by the input. 
Speed, input and output power, size, 
and applicability appear extremely 
versatile. ‘The Microsetter has no 
memory element or pulse cumulator, 
so that if current from the control 
source fails, and then starts again, the 
Microsetter will move to the position 
dictated by the control unit, regard- 
less of intervening changes. Schatzki 
Engineering Company, 147-47 Spring- 
field Lane, Springfield Gardens, Long 


Island, N. Y. 
Circle No. @ on reply card 





Sylvania Transistors 
— for military, industrial, and 


Sylvania ws Soman 
Power Transistors... *ssestsu" 


High-Gain, Low Frequency— 
2N35 (NPN)—2N34 (PNP)— 
low to ~medium 

power—use as a 

high-gain audio 

amplifier —gains 

up to 40 in ground- 

ed emitter circuit. 


2 Yo Watts 


— new derating 
curve 


High-Power, Low Frequency— 

> 2N68 (PNP)—2N95 (NPN) in- 

i - creased power ratings—use for 
4 high current, low voltage appli- 


cations (6-24 volts power 


/ 
a 
/ / . ‘ > supplies). 
/ / \ z ' j 
/ 
/ 
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High Frequency—2N94 (NPN) 
—2N94A (NPN)—high alpha 
(over 0.95)—low base resistance 
and collector capacitance—typi- 


2N68 (PNP) cally 1500 ohms uufd—gains up 
2N95 (NPN) to 40 db. 


Temperature 


Also available 


e e : 
eee lLlOW with 1nicre Se A = da sists kin 


“S —1N138A and allied types— 
ratings 
cea 


high back resistance at high 
operating temperatures. 

dissipate 2% watts in free air, 

have low thermal inertia 


New Sylvania design developments achieve low thermal 
inertia and increased ratings in the Sylvania Power 








Silicon Point-Contact Diodes— 
1N193, 1N194, 1N195, 1N196— 
specifically de- 
signed for comput- 
er and high tem- 
perature genera] 
purpose applica- 
tions. Excellent 
transient response 


Transistors 2N68 and 2N95. Dissipation of 24 watts in 
free air reflects a full watt increase over previous ratings. 
Power dissipation up to 5 watts is possible with an 
external heat sink. 


With Sylvania’s new design heat is conducted quickly 
away from active elements. Resulting low thermal 


(0.1 u sec.) 


For your semiconductor require- 
ments, check Sylvania first. Use 
this cenvenient form to indicate 
your interests and address it to 
Department C20R. 


inertia improves performance stability over a wider 
range of operating temperatures. Operated as a Class A 
amplifier the 2N68 or 2N95 provides a minimum power 
gain of 20 db. 


= ee ee ee oe 2 oe 
Dept. E16R 


Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 


Gentlemen: Please forward additional in. 


formation on the items checked below: 
sa sa 
Another reason why it pays to specify Sylvania alata Silicon Diodes 


Sytvania ELeEctric Propucts Inc. O High Power O Point Contact 
1740 Broadway, New York 19, N. Y. O High Gain O Junction 
In Canada: Sylvania Electric (Canada) Ltd., 
University Tower Building, St. Catherine Street, Montreal, P. Q. 


O High Frequency 


Name 


¥ SYLVANIA!= 


Zone State 














LIGHTING *® RADIO ¢ ELECTRONICS ¢ TELEVISION * ATOMIC ENERGY 
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Q NEW tool 
for process 
control 





BATCH 


WEIGHING 


ORUM WEIGHING 


SOLIDS LEVEL CONTROL 


W/C Weighing Scale 


PNEUMATIC-PLATFORM TYPE 


“ab 


For batch or continuous weighing 
of solids or liquids 


For remote indication or continu- 
ous flow control 


With accuracy above 0.25% of 
range 

e Highly sensitive, extremely rugged 
No springs, knife edges, or levers 


Unaffected by off-center loading 
on platform 


Unaffected by vibration 


WRITE FOR Catalog which gives 
complete details, engineering 


drawings, and calibrat 


64-J FULMOR AVE. 


ion curves. 


HATBORO, PA. 
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| speed communications. 
| present advantages in their 
| speed, dynamic range, 





NEW PRODUCTS 


SOME UNUSUAL COMPONENTS 


* Pes 


HIGH- SPEED SWITCHING by 
commutator-generator. 


This precision commutator and im- 
pulse generator is designed for high- 
speed switching in counting, digital 
indication of shaft rotation, pulse 
shaping, pulse gating, sequence cir- 
cuit control, and similar operations. 
The unit consists of a series of con- 
ducting segments insulated from one 
another and bonded to a high-tem- 


perature plastic base. ‘These segments 
are interconnected to form a variety 
of coded commutation or pulse se- 
quences. Multiple isolated wipers al- 
low commutation in several circuits 
simultaneously and _ increase _ total 
pulse count per revolution. ‘The unit 
can be nested with standard potenti 
ometer elements of the same manu- 
facturer for various analog-to-digital 
conversions, potentiometer excitation 
control, pulse shaping, and the like. 
The element is 1 in. diam and weighs 
to oz. All contacts are precious metal. 
A life of more than 1 million revolu- 
tions is possible and speeds of up to 
1,000 rpm are permissible. It is avail 
abie either unmounted or mounted 
in a precision end bell assembly. Com 
puter Instruments Corp., 1964 Utica 
Ave., Brooklyn 34, N. Y. 


Circle No. 7 on reply card 


RECORDING TUBE can remember as many as 125,000 bits. 


This recording tube is one of three 
that produce a variable time delay 
between input and output signals. 
Input can be stored for a week or 
more and then repeated up to 30,000 
times. Suggested applications are with 
radar, sonar, computers, and high 
These tubes 
“writing” 
and 
duration, 
and extent 


“erasing” 
“priming” ease, “memory” 
usable output repetition, 
of storage. 

An electron beam passes through 
a fine mesh screen, coated with stor- 
age materials on its reverse side, and 
strikes a collector-reflector. The beam 
in the Ok464 is magnetically deflected 
and focused with standard TV coils. 
During “writing” a signal-modulated 
beam passes through the mesh -and 


| is reflected by the negative collector- 


reflector back onto the coated surface. 
A positive charge, determined by beam 
current density and speed, is built 
up on the storage screen. 

For “reading,” the collector-reflec 


tor is made positive, and the storage 
screen voltage is dropped to a level 
giving uncharged areas sufficient nega 
tive voltage to cut off the electron 
beam. The constant current electron 
beam is scanned the storage 
screen, and the amount of beam cur- 
rent reaching the collector-reflector, 
and developed across its load resistor, 
will be proportional to the charge at 
the scanned screen area. 
The tube is “erased” by 
a de signal onto it, 


over 


‘writing”’ 
and then “primed” 
by uniformly charging the storage 
surface. Application, operation, and 
performance characteristics of the 
group of tubes are available. Ray 
theon Manufacturing Co., Waltham, 
Mass. 

Circle No. $ on reply card 


FEEDBACK FACT 


Posed: Some way for the golfing instrument engineer to 


forget his job on weekends. 


Solved: Have him buy Taylor’s Golf Barometer. No hint 
of dreary fahrenheit and mercury inches here— it’s calibrated 


strictly in fairway vernacular. 








BARBER Barcole 


mw) Small Motors ~ 











Now with new, improved gear reduction — 
for radial thrust and overhanging loads / 


\W\\ 





AY 


WIDE RANGE OF APPLICATIONS , . . oo 
FOR NEW BARCOL Here’s a new line of Barcol geared motors designed for applications 


TYPE DYAZ GEARED SMALL MOTORS involving overhanging or radial thrust loads. 
The new Barcol DY AZ open-type geared motor offers extra ruggedness, 
quietness, and dependability. Double-supported gear shafts run in 
sintered bronze bearings which are assured long-life lubrication through 
Chart and Pen Drives extra large oil wicks. Uses heavy duty gears and output shaft. Helical 
pinion and first gear step provide quieter, smoother performance. Frame 
Timers T= plates are of anodized aluminum with four mounting bolts extending 
— through the front plate. 


Vending Machines 


Tape Winders , , ; , , 
° This advanced type Barcol geared motor is available in gear ratios from 


Othiee Madness 4:1 to 30,000:1. Starting torques up to 75 lb-in. Your choice of syn- 
chronous or non-synchronous unidirectional motors, or non-synchronous 
Telemetering Equipment Cy reversible motors. 





Get the complete story now—write for new illustrated Bulletin F-6841 


Barbecue Spits on Barcol DYAZ Geared Motors. 


TV Tuners 


Slide Changers 7 Barber - Coll nan Company 
> Dept. Q, 1248 Rock Street, Rockford, Illinois 
X-ray Machines => 
y _ Small Motors « Automatic Controls « Industrial Instruments « Aircraft 
- i Controls « Air Distribution Products « Overdoors and Operators « Molded 
And many more wt Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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FOR BETTER 


SPEED CON 


TROL 


MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 


PRE 


CISE 


FINGERTIP 
SPEED CONTROL 


¢ TACHOMETER 
PROPORTIONI 


¢ TENSION OR 
POSITION CO 


NG 


NTROL 


¢ MOTOR INTEGRATORS 
¢ BI-DIRECTIONAL 

¢ DYNAMIC BRAKING 

¢ SERVO CONTROL 


Serwoqypecd 


DIV of * ELECTRO DEVICES, Inc 


4 Godwin Ave. 


CONTROL 


Paterson, N. J. 


ENGINEERING 


NEW PRODUCTS 


MAGNETIC ELEMENT presented 
as rival to transistor. 


Magnetic elements, apparently with 
all the advantages and none of the 
disadvantages of transistors and mag- 
netic cores, have been developed for 
various control applications. These 
Magnistors are small, saturable reac- 
tors with unique shapes and flux 
paths. Two classes are available, 
transient and permanent. 

Simple transient amplifier forms 
contain a signal and a control wind- 
ing on ferroceramic material. Im- 
pedance of the signal coil to a sine 
wave or pulse varies substantially as 
an inverse linear function of the dc 
control coil current. The permanent 


Control CD E,*/SMC corrier 


input 


control 


Mognestot Gote 
E,* ISMC 


1,-Corrier signal current-MA 


° 
° 10 20 30 40 
E,-Corrier signal voltage 


50 


type has an extra control winding, giv- 
ing two possible impedances to the 
control coil, a low and a high one, 
each determined by the passage of a 
specific current in the “set” and “‘re- 


set” control coils, respectively. Each 
impedance persists until displaced by 
the other, even if no current is flowing 
in the system. Gains of up to 500 
are claimed. Units available as com- 
ponents or in assemblies have indefi- 
nite life. The control frequency range 
is from de to 30 me and the signal 
coil current from 100 kc to 15 me. 
They are unaffected by temperature 
extremes. Potter Instrument Co., 
Inc., 115 Cutter Mill Rd., Great 
Neck, N. Y. 

Circle No. 9 on reply card 


i he rm 
an" vag eieitt) 


MINIATURE slip rings and 
brushes custom designed. 


Miniature slip rings and brushes 
now can be matched to the specific 
requirements of various computers, 
telemeters, and other electronic con- 
trol and indicating systems. Many 
problems involved in the transmission 
of electrical energy to and from rotat- 
ing elements have been eliminated 
in the fundamental design of these 
units. The manufacturer claims low 
friction with positive electrical con- 
tact, multiple circuits in extremely 
compact assemblies, high dielectric 
strength despite compactness, long 
life, and rugged construction. A four 
page folder containing details and 
drawings is available. Iron Fireman 
Electronics Div., 2839 S. E. 9th Ave., 
Portland, Ore. 

Circle No. 10 on reply card 


ANALOG TO DIGITAL 
with radar-type circuits. 


Readings as frequent as 20 three 
digit numbers per sec can be made 
with the Model 310 Digital Volt- 
meter, which employs radar-type meas- 
uring circuits. Range of measurement 
covers 100 milliv to 999 v, accurate to 
one digit. Franklin Electronics, Inc., 
Philadelphia 40, Pa. 

Circle No. 11, on reply card 





THIS BRAND NEW BOOKLET ABOUT 


automatic 
speed control 
Am 


HOW TO APPLY 
THE ADVANTAGES 


OF VARIABLE SPEED 
epeom \ibge) 7 vale). | 


Typical applications of Varitrol pneumatic 
control regulating the speed of Varidrives 
in response to a signal from such variables as 
temperature, humidity, pressure, speed, 
liquid level, weight and tension are 
dramatically pictured and explained in 
this full-color booklet. How the Varitrol 
pneumatic system functions is illustrated 
with full-color cross-section drawings 
and diaphanous views of the U. S. 
Varidrive with exclusive right angle 
speed-changing linkage. This 
ee. educational booklet, edited by variable 
f. E rors * : speed engineers, is your guide toa 
poRIV ™ method of greater production of 
¢ yvAR more goods and services at lower 
Thi cost and astounding man-hour 
savings. Write today for 
your complimentary copy. 


U.S. ELECTRICAL MOTORS, Inc. 
U.S. VARIDRIVE __ 


Los Angeles 54, Calif. ¢ Milford, Conn. 


U. $. ELECTRICAL MOTORS, inc. ar par ennonzaan 
wit} LARITROL 


COE-5 
P.0. Box 2058, LosAngeles 54, Calif.,er Milford, Conn. | 
Send Varitro! Automation Booklet No. 
Send U. S. Varidrive Booklet No. 1797 


FOR VARIABLE SPEED AUTOMATION 





Company _. 
REQUEST FOR VARITROL BULLETIN | cy 








City. 




















Precision 
Une - 


Potentiometers 


“Lo-TORK” POT 


For minimum-torque uses in com- 
puter, servo, and selsyn _ service. 
Stainless-steel precision ball bearings. 
Minimum torque is 0.01 inch-ounce. 
Dissipates one watt at 80°C. Resist- 
ances — 100 to 100,000 ohms. Weight 
is only % ounce. Ganging to six 
decks; internal clamps hold %” 
diameter. Standard linearity 0.5%; on 
special order 0.25%; toroidal wind- 
ing allows winding angles to 360°; 
standard 354°, 


AP 1-1/8 


AP 1/2 RT/RIS 7/8 


MICRO-MINIATURE and MINIATURE 


Series AP '/2—2 watts continuous 
at 80°C; resistances 10 to 20,000 
ohms, 5% tolerance standard; diam- 
eter 2”, depth 4%”, weight 1% ounce; 
sealed well enough for potting. 
Series RT/RTS % —3 watts continu- 
ous at 80°C; resistances 10 to 100,000 
ohms; diameter %”, depth %”, 
weight % oz.; standard linearity 3%. 
Series AP 1% —4 watts continuous 
at 80°C; resistances 10 to 150,000 
ohms; diameter 1%”, depth 4%”, wt. 
less than % oz.; standard linearity 2%. 

All precision-machined, with 
anodized aluminum bodies, _ line- 
reamed phosphor bronze bearings, 
centerless-ground stainless steel shafts, 
and gold-plated fork terminals. Fully 
sealed and fungus-proofed. Can be 
processed, on special order for use 
at 125°C. Aerohm potentiometers are 
individually checked for quality and 
performance. 








Write today for de- 
tailed information 
and prices 











WATERS MANUFACTURING, inc. 


I 
iH 
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NEW PRODUCTS 


A CAMERA TRANSDUCER 


-f 


INTERFEROMETER AND CAMERA record fast pressure veritas. 


An interesting approach to a more 
or less universal ultra-high-accuracy 
motion detector is encased in this 
unit. Despite its small size, a cam- 
era, including a one millisec timing 
pip system, and a complete inter- 
ferometer are built in to measure 
the motion of a diaphragm. Short- 
term pressure variations of the atmos- 
phere or of pressure systems are in- 
dicated by the photographed fringes. 
However, the instrument can measure 


ELECTRONICS IN 


VERSATILE is this direct- 
coupled amplifier. 


A new model direct-coupled ampli- 
fier, this unit takes the place of spe- 
cialized instruments for many appli- 
cations. Designed for either rack or 
bench, Model D-1 incorporates a fully 
regulated power supply. Useful gain 
is 80,000 and frequency response is 
flat from 0 to over 100 ke at gain 
up to 10,000. Southwestern Industrial 
Electronics Co., 2831 Post Oak Rd., 
Houston, Texas. 

Circle No. 13 on reply card 


“San Carlos Ave., San 


the motion of any physical phegom- 
ena, such as magnetostriction effects 
of a body in a magnetic fiekW and 
crystal. reactions to varying electric 
currenfs. Shown in the background 
is the control unit, which completely 
commands the transducer and which 
can be remotely located from _ it. 
Beckman @& Whitley, Inc., 805 E. 
Carlgs, Calif. 


Circle No. 412 on reply card 


CONTROL 


EXTREME ACCURACY 
marks these delays. 

Several features give accuracy of de- 
lay to the Model F-110 Tapped Delay 
Line that far exceeds conventional 
specifications for similar units. Total 
delay of 112 microsec, with taps every 
2 microsec, is provided. Accuracy is 
0.1 per cent at full delay and total 
rise time is less than 1.5 microsec. 
Control Electronics Co., Inc., 1925 
New York Ave., Huntington Station, 
N. Y. 

Circle No. 14 on reply card 





Specify Lapp Auto-pneumatic PULSAFEEDER 
... for Automatically Controlled Metering of Liquids 


The outstanding features of the Lapp “Auto-Pneumatic” Pulsafeeder make possible 
continuous automatic processing of liquids which cannot be satisfactorily handled by 
plunger-type metering pumps. The ’Auto-Pneumatic” Pulsafeeder is a piston- 
diaphragm pump providing positive displacement without the problems of a 

stuffing box. A hydraulically balanced Pulsafeeder diaphragm isolates the 

product from the working parts of the pump, preventing product leakage or 
contamination. With pneumatic instrument control, the pumping rate 

of the ‘““Auto-Pneumatic” Pulsafeeder automatically adjusts from 

zero to full capacity. Manually adjustable models also available. 


WRITE FOR BULLETIN 440 with typical applications, flow charts, description 
and specifications of models of various capacities and constructions. 
Inquiry Data Sheet included from which we can make specific 


engineering recommendation for your processing requirement. 
Write Lapp Insulator Co., Inc., Process Equipment 
Division, 392 Wilson Street, Le Roy, New York. 
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Do you 
think about 
Angular 
Acceleration? 


does... 


and uses Statham 
Angular Accelerometers 
to test 


Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +£1.5 to +3,000 rad/sec2 four 
standard models are offered. 


Please request Bulletin AA2 
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NEW PRODUCTS 


Using the L-5106 high frequency 
surface barrier transistor, Philco has 
come forward with ““TRANSAC” digi- 
tal computer modules, said to make 


| possible mass-produced transistorized 
| computers. 


The pride is the Philco 
Direct Coupled Circuit which han- 


| dles additions and subtractions at the 
| rate of 600,000 per sec. 


It will add 
19 binary digits in 2.4 microsec. 
Power requirements are low, circuits 


| are rapid, and all elements required 


for addition, subtraction, multipli- 


| cation and division, as well as com- 
| mon control circuits, are combined on 


a printed circuit having only tran- 
sistors and resistors. <A lifetime of 
more than 20,000 hr is indicated in 
80 per cent of early version of the 
L-5106. Their flip-flop is shown be- 


All digital system needs may be 


| filled with this one basic component, 


a new universal logical package. The 
units, high-speed digital building 
blocks, operate at a 1 mc repetition 
rate. ‘The 3C-PAC gating package is 
useful for digital computation, con- 
trol, and data handling. And the 
compact standardized plug-in circuits 
can be used to build up installations 
ranging from small classroom setups 


COMPUTER MODULES economically transistorized. 





Philco Transistor Circuit 
(Saturation Flip Flop) 


~3v -3v 


Output 


Power Requirements 
0.018 wotts 











low. It consumes 1/1000 the power 

required by vacuum tube circuits. 

Philco Corp., Philadelphia 44, Pa. 
Circle No. 15 on reply card 


_ GATING PACKAGE provides endless variety. 


to large-scale industrial research and 
control centers. Components are 
mounted on an etched circuit panel 
7 in. square, which is plugged into 
a receptacle joined to a plugboard on 
which jumper connections determine 
logical operations. Accessory equip- 
ment and design consultation avail- 
able. Computer Control Co., Inc., 
92 Broad St., Wellesley 57, Mass. 
Circle No. 16 on reply card 


FEEDBACK FANCY 


Needed: A sure-fire way to get young engineers into the 


lures of servo technology. 


Solved: Why not a Servo Erector Set for tots who are bored 
with nuts and bolts and ready for the breadboard? Gilbert 
Company, please note before next Xmas. 





As a companion to its line of Type M Unibrake Motors with magnetic 
braking . . . Master now offers a line of Type D Unibrake Motors 


with dynamic braking. ~ 


HOW IT WORKS. Dynamic braking is obtained with a patented* 
unique, multi-polar brake winding superimposed on the stator wind- 


ing of any Master single-phase or polyphase induction motor. 


ADVANTAGES. Unibrake motors with dynamic braking are very com- 
pact, usually no larger than the standard motor. And since the dynamic 
brake has no moving parts, there is no wear . . . nothing to adjust 


ay braking torque remains uniform. . 


INCREASE PRODUCTION. Don't waste valuable production time wait- O1W- 


ing for machinery to coast to a stop . . . get quick slow-down for 
machine tool spindles . . . quick turn-around AM 
time on many operations . . . speed up auto- - DYN IC BRAKING 


matic cycling of machinery. And since Type D Unibrake Motors come 


to a rolling stop, they are particularly adaptable to equipment re- for 
quiring gear shift between cycles. 

A-C 
SIZES. Now available up to 30 horsepower . . . larger ratings are 
being developed. Master Gearmotors and variable speed drives can motors 


also be supplied with Type D Unibrakes. 


LITERATURE. For complete information write for Data 3810. 


THE MASTER ELECTRIC COMPANY © DAYTON 1, OHIO 









MOTOR 
WINDING 


hs 
te : 
_ 
BRAKE 
WINDING 


a? 


INIBRARE. 


XS u.S. Patent 2,627,059 
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in performance 
tomatic muscle jobs J 


> PUSH 


like these--- 9” 


| CYLINDERS 


FF SHELF DELIVERY 


@ OIL pressure to 750—AIR to 200 P.S.I. 
@ New Compact Design ... Saves up to 


40% Space 


} @ Proven Performance . .. with Extra 


High Safety Factor 


@ Super Cushion Flexible Seals for Air 
... New Self-Aligning Adjustable Oil 
Cushion 


@ Hard Chrome Plated Bodies and 
Piston Rods 


@ The Only Cylinders with all the 
Extras as Standard 


T-J Spacemaker Cylinders get 
first call for an ever-widening 
range of power movement jobs in 
industry today—because they’re 
so advanced in design ... so 
efficient and dependable in 
performance. Wide selection 
of styles and capacities. Check 
your needs now! Send for 
bulletin SM-454-2. The 
Tomkins-Johnson Co. 
Jackson, Mich. 


Raise Open 
Lock Time 
Brake Blank 
Press Cut 
Spin Broach 
Turn Drill 
Grind Sequence 
Weld Close 
Lower Snub 
Squeeze Form 
Bend Pierce 
Coin Feed 
Saw Mill 
Tap Convey 
Index etc. 
Braze 


Member of the National Fluid Power Association 


TOMKINS-JOHNSON 


R AND. TIER NCHOR 
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NEW PRODUCTS 


NEW COMPARATOR 
has foot switch. 


This new model comparator can 
be operated by an optional foot 
switch or conventional pushbutton. 
Stability, accuracy, and sensitivity have 
also been improved in the E-2 Com- 
parison Bridge. Southwestern Indus- 
trial Electronics Co., 2831 Post Oak 
Rd., Houston, Tex. 


Circle No. 17 on reply card 


FIRST TRANSISTORIZED com- 
mercial power line carrier. 


First in commercial production, 
this new narrow-band frequency shift 
apparatus has a completely transistor- 
ized receiver and a transmitter using 
transistors for all but the power out- 
put stage. Power consumption is re- 
duced up to 75 per cent, only 6 being 
consumed with imperceptible heating. 
rhe unit is used to transmit keyed 
type functions between power trans- 
mission line station and for telemeter- 
ing, load control, supervisory control, 
teleprinting, and remote control and 
indication. It features channel spac- 
ing of 500 cycles through its range 
of 40 to 200 kc. Motorola Communi- 
cations and Electronics, Inc., Techni- 
cal Information Center, 4501 W. 
Augusta Blvd., Chicago 51, III. 


Circle No. 18 on reply card 





FLIP-FLOP comes in 
etched plug-in unit. 


Counting, frequency division, 
switching, and time selection are pos- 
sible with this new plug-in flip-flop. 
The unit, employing an etched cir- 
cuit, is low in cost and light in weight. 
One Z-91000 can be directly coupled 
into another without amplifiers, and 
the flip-flop is wired for linear, binary, 
and feedback counting operations. It 
plugs into a_ standard 15-contact 
printed connector. EEECO Produc- 
tion Co., 827 S. Vermont Ave., Los 
Angeles 5, Calif. 


Characteristics 


Weight 

awk wi eens > 34 x 233 

Power requirements. .200 vde at 3.5 
ma 6.3 or 12.6 vy filament supply 

Speed 


Circle No. 19 on reply card 


TINY CHOPPER has 
no moving parts. 


Illumination of a photoconductive 
element in a typical voltage divider 
modulates dc to frequencies up to 
400 cps in this electronic chopper. 
Model 307 features minus 50 to plus 


TEKTOR Keeps Hershey Chocolate 
from Overflowing Open Tank 


How to keep a 90,000 pound open milk chocolate storage tank 
from overflowing was the problem faced by the Hershey Choco- 
late Corporation. 


Hershey Engineers found a solution by installing a Fielden 
TEKTOR High-Level Indicator Controller and Probe. Now, when 
chocolate level rises to 4 or 5 inches from the tank lip, this 
simple but dependable instrument flashes and sounds a warning 
so that the inflow of chocolate can be stopped. 


Why TEKTOR Level Control is YOUR Solution 


e Indicates or controls level of 
fluids, powders, solids (con- 
ducting or non-conducting) 

@ Electronically controls level as 
close as 1/16” ¢ 


¢ No moving parts . . . only one 
radio tu 

e Regular plant personnel can 
maintain it 


Low first cost , . . low operat- 
ing cost. 


@ A ready-to-install unit 





Probe ae 














C3115 V. AC 











| 
WLLL 


TEKTOR 
Indicator 





A TEKTOR probe is installed vertically and its electrical capacity 
changes when chocolate level is 4 or 5 inches from the lip of the 
tank. This de-energizes the Indicator relay and switches on the 
warning light and alarm. 


po-ccccccccr 


BN Send this coupon today, and find out how 
>) 5 = ow Fielden Simplified Instrumentation can solve 
your process control problems . . . accurately 

® 


and economically 
CONTROLS COMPANY 


FIELDEN INSTRUMENT DIVISION 

2920 N. Fourth St., Dept. S, Philadelphia 33, Pa. 
Please send me bulletins about your low-cost, accurate controls. 
[-] TEKTOR Level Control 

[_] Electronic Temperature Control 


~] Resistance Thermometer Recorder 
[_] Proximity Meter 


NAME TITLE. 





COMPANY 





ADDRESS. 





STATE 
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for ADAPTABILITY 
plus PRECISION 


use the” 
LINK 
Model 012 
GEAR BOX 


Now convenient, precision-built adapters allow the use of 


commonly available servo motors with the Link Model 012 Gear Box. 


This is one reason why more progressive engineers are specifying the 
Link Hi-Precision Gear Box for incorporation in theirservo system designs. 


Another is the wide gear ratio range—from 10:1 to 3125:1. 





Complete adapter kits integrate 
the Link Hi-Precision Gear Box with 


Many other features make the Link 
Gear Box the only choice wherever 


commonly used components. _ . , 
precision is essential: 


Low backlash—less than.25° referred 
to the slow turning shaft. 


Lifetime lubrication—with temperature 
resistant silicon. 





Light weight— approximately 16 oz. 


Investigate this new devel- 
opment now. We’ll send 
complete data on the Link 
Gear Box and Adapters. 
Justwrite Department CE1. 


Bearings—all precision ball bearings. 


Output—rated at 120 in./oz. at slow 
turning shaft. 








LINK AVIATION, INC 


BINGHAMTON—-NEW YORK 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


Manufacturers of world-famous Link Trainers and Simulators * simulated aircraft 
instruments * specialized computers * computer components * gear boxes 
precision potentiometers * phase angle meters * and other electronic devices 
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NEW PRODUCTS 


100 deg C operation, 0.5 conversion 
ratio, less than 200 microv rms noise, 
and 115 v 3 ma ac excitation. It 
weighs 1.6 oz and is g in. high by § 
in. wide by 2 in. long. Avion Instru- 
ment Corp., 299 State Highway 17, 
Paramus, N. J. 


Circle No. 2Q on reply card 


SUB-MINIATURE RESISTOR 
resists adverse conditions. 


The characteristics of this new sub- 
miniature resistor remain unaffected 
by immersion in salt water, humidity, 
and extremes of temperature. De- 
signed for applications where space is 
limited, it is *# in. in diam and % 
in. long. ‘The unit is precision wire- 
wound, completely encapsulated, and 
has axial leads. The Davohm 1274 
is available with a maximum resist- 
ance of 180,000 ohms, and it will 
dissipate } watt at 125 deg C without 
derating. ‘Tolerances as close as plus 
or minus 0.02 per cent are obtain- 
able. Additional data available. The 
Daven Co., 191 Central Ave., New- 
ark 4, N. J. 


Circle No. 24 on reply card 


VALVES FOR 
CONTROL 


HANDS, feet, or solenoids 
operate 3-way valves. 


Here’s a series of three-way valves 
in the heavy-duty “Bel-Air” valve 
line. Sizes from 4 through 4 in. are 
stocked for manual or electric con- 
trol by solenoids built for 115, 230, 





or 440 volt operation. The Bellows 


Co., Akron 9, Ohio. 
Circle No. 22 on reply card 


PILOTED valve has emergency 
manual operation. 


Magnetically piloted, this piston 
valve is designed for refrigerant con- 
trol. Because of its piloted action, 
this K-15F° series valve handles large 
capacities with a minimum pressure 
drop. One to 2 in. pipe sizes are 
accommodated. Manual operation is 
possible in the event of emergency 
current failure. General Controls Co., 


Glendale 1, Calif. 
Circle No. 23 on reply card 


PACKLESS valve 
for low pressures. 


Solenoid-operated and direct-lifting 
for pressures up to 7 psi, this packless 
valve is available in g to 4 in. sizes. 
The only moving element is a stain- 
less steel core and composition disk, 
housed in a heavy duty, forged brass 
body. <A return spring returns the 
core and attached disk to a tightly | 


L 


Aircratt 


in charge 


Attention: ©xe cv OB DONE! 


agnelic 
mplifiers -1nc 


AFFILIATE OF 
GENERAL CERAMICS 
CORPORATION 





—solicits your 
inguity to 
AUTOMATIZE 


SPECIFIC 
PRODUCTION 
PROCESSES IN 


Manufacturers YOUR PLANT 


of Tubeless: 


Mobile Power Supply Regulators 
Magnetic Servo Amplifiers 
Transi-Mag* Amplifiers 

Analog Computers 
Photoelectric Controls 

Variable Speed Drives 


For Application on wee 
Commercial and Military: | 


* TRANSISTOR MAGNETIC 
AMPLIFIERS, TRADEMARK 


Machine Tools 
Conveyors Ground Power Supplies 
Mixers Nuclear Remote Control 


We custom design, 
manufacture and 
install controls 


and control panels. 


Magnetic Amplitiers «inc 


Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 





o! 


~_ 
1255.05 





IF T-E‘S TWO-POSITION 
RECORDING-CONTROLLER 
CAN'T 0O THE JOB... 


: 











oe Ge TSE 
PULSE-PROPORTIONAL. 








Thermo Electronic recording-controllers are relatively inexpensive 
instruments for recording and controlling temperature of electri- 
cally heated, fuel fired, or steam heated equipment. You can use 
them with two-position valves (electric or electric-pilot pneumatic 
types), contactors, or heavy duty relays. They will operate with 
thermocouples or resistance bulbs. 

The pulse-proportional controller changes heat input according 
to the magnitude of temperature change. Its proportion band is 
continuously adjustable from 0% to 20% of range to match 
process response. Recommended for continuous and other proc- 
esses having similar control characteristics, where load changes 
are relatively small, and where temperature changes cannot be 
detected quickly. 

Two types of controller: potentiometer pyrometer and resistance 
thermometer. Both are durable, simple, accurate, sensitive, speedy, 
and easy-to-set. 23 scale ranges from —320° to +200°F all the 
way up to 0° to 3000°F. The 12” recording chart is easy-to-read. 
Interested? Write for bulletin 62— B. 


Pyrometers * Thermocouples °* Protection Tubes * Quick-Coupling Connectors 
Thermocouple and Extension Wires * Resistance Bulbs * Connector Panels 


‘Thermo electric ©, cc 


SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO 
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closed position when the solenoid is 
deenergized. Further details on this 
valve are obtainable in a bulletin. 
Automatic Switch Co., Orange, N. J. 


Circle No. 24 on reply card 


ELECTRO-PNEUMATIC 
valve shuts silently. 


Silent operation is one salient fea- 
ture of this solenoid valve. When 
energized, it passes full air at pressures 
up to 25 psi. When deenergized, the 
supply port is stopped and the return 
line pressure is wasted to atmosphere. 
A manual adjustment produces the 
converse performance. Port connec- 
tions are 4 in. NPT and 60-cycle 
coils can be supplied for 115, 208, 
230, or 440 v. Bulletin 359 and 
Drawing 1255 give the details. The 
Powers Regulator Co., Skokie, IIl. 

Circle No. 25 on reply card 


THREE cylinders positioned 


| with this valve. 


Here’s a rugged, four-way rotor-actu- 
ating valve for positioning from one 
to three hydraulic cylinders. Known 
as Type 555-RO, it takes pressures 
in the 300 to 1,500 psi range with a 


capacity of 400 gpm at 1,500 psi. 


1 W..faee Co. F. ©. Box 551, 
Decatur, II. 
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SCANNING 


A NEW 
heli araed, | 


Shown here is 

a new magnetic 
drum memory for 
the Hughes 
airborne digital 
computer. Many 
of the techniques 
it employs will be 
used in the 
ground radar 
data processing 
systems. 





Hughes, pioneer developer of 
airborne digital computers, and 
leader in radar fire control, 
now enters the field 

of ground radar and data 


processing systems. 


Important new programs are 
under way in the Radar Re- 
search and Development Divi- 
sion for the development of 
ground radar and data process- 
ing networks. In these projects, 
Hughes engineers are drawing 
on their extensive experience in 
the successful development of 
radar fire control systems and 
airborne computers. 

The data gathering for these 
ground networks will be per- 
formed by very high power radar 
using advanced high-speed scan- 
ning techniques developed by 
Hughes under sponsorship of the 
U. S. Navy. The processing, 
transmission, and correlation of 
the great mass of data involved 
will be handled by large-scale 
digital systems. This equipment 
must be designed to meet strin- 
gent tactical requirements for re- 
liability and maintainability. 


((((((( 


of the types of work included: 


Scientific 
and 
Engineering 


Staff 





TRANSISTOR CIRCUITS 
DIGITAL CIRCUITS 


MAGNETIC DRUM AND 
CORE MEMORIES 


LOGICAL DESIGN 
PROGRAMMING 
ADVANCED RADAR TECHNIQUES 


Engineers 
and Physicists 


Application of the techniques, 
special knowledges and individ- 
ual talents indicated here is 
creating positions at all levels in 
the Ground Systems Department. 
Engineers and physicists with 
experience in the fields listed, or 
those with exceptional ability in 
these directions, are invited to 
consider joining our Staff. 


HUGHES 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County, 
California 





Relay Engineering Principles . . . #3 





Screw Type Residual 


The Difference in RESIDUALS 


Careful analysis of performance of the various types of 
residuals can only result in the selection of the one which 
assures long-lived performance without losing its originol 
adjustment. 


ENGINEERS KNOW... 


... that the screw type residual with its point type con- 
tact eventually hammers a hole into the soft iron pole 
piece — reducing air gap. 





... that reducing the residual air gap destroys the initial 
adjustment of the relay and can under severe conditions 
cause the armature to mechanically or magnetically lock 
up in a permanently operated condition. 


. .. that screw type residuals require complicated mechani- 
cal construction. A lock nut and screw in a tapped hole 
are vulnerable to loosening through impact of operation. 


It’s the Flap Type Residual Found on 
NORTH Relays... 


... that distributes the impact of operation between the 
armcture and pole piece over the entire surface —not on 
the tip of a screw. 


. made of extremely hard non-magnetic material that 
insures long life. 


... that provides fixed air gap, stable release and un- 
varying adjustment under any critical application. 


... that eliminates the necessity of any adjustment in the 
field. We specify residual thickness to fit your requirement. 


Flap type residuals are just another of the many critical de- 
tails found in the NORTH Relay, shown above, which insure 
trouble-free repeat performance. 


Detailed specifications available on request. 


THE NORTH ELECTRIC 
~ MANUFACTURING COMPANY 


Originators of ALL RELAY Systems of Automatic Switching 
530 South Market Street, Galion, Ohio, U.S.A. 
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FOUR NEW 
GYROS 


HERMETICALLY SEALED GYRO 
_can be damped. 


Small size does not limit the high 
performance displayed by this damped 
rate gyro. Developing an angular mo 
mentum of 400,000 gm cm’ per sec, 
the gyro can be damped from 0.2 
critical to over damped through minus 
55 to 80 deg C without a heater. 
Instrument Div., R. C. Allen Business 
Machines, Inc., Grand Rapids, Mich. 
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HIGH ACCURACY under 
extreme conditions. 


Entirely new caging and manufac- 
turing methods are said to give this 
Model 45,000 gyro high accuracy un- 
der extremes of vibration, tempera- 
ture, acceleration, and shock. Mini- 
mum service life is 1,000 hours. Nor- 
mal drift rate is 6 deg per hour and 
drift during vibration, up to 2,000 
cps at 10 G, is less than plus or 
minus 30 deg per hour. Gyromech 
anisms, Inc., Halesite, N. Y. 


Circle No. 28 on reply card 








NEW AMOUNT GYRO 
for attitude control. 


The CG-100 is designed for con- 
trolling attitude of aircraft and guided 
missiles under moderate to heavy vi- 
bration and steady state accelerations. 
It has separate synchro pickups and 
a de solenoid-operated caging mech- 
anism. Automatic Controls Div., 
Clary Multiplier Corp., San Gabriel, 
Calif. 
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STEEL PARTS kill 
differential expansion. 


Variations in free drift resulting 
from ambient temperature changes 
have been eliminated in this all-steel 
gyro. With the Series 2153 Vertical 
Gyro, predictable free drift remains 
uniform through its temperature 
range. Other friction reducing fea- 
tures give a three-fold improvement 
in friction-to-momentum ratio. Angu- 
lar momentum is 8,000,000 gm cm? 
per sec, spin axis can be maintained 
within 6 deg, and drift error is less 
than 0.25 deg per min. Lear, Inc., 
Dept. 80, 110 Iona, N.W., Grand 
Rapids, Mich. 

Circle No. 30 on reply card 





i’ G-15 
GENERAL PURPOSE COMPUTER 


utTitity A stored program digital computer for the solution of the lengthy and 
J corte mathematical problems encountered in industry and research. The G-15 per- 
forms all arithmetic and logical operations with unusual versatility. 
FLEXiIBiILity An electric typewriter, photo-electric tape reader and a tape punch 
A are furnished as standard input/output equipment. Accessories such as magnetic 
tape units, graph plotters and coupling units to permit use of punch cards are available. 
CONVENIENCE Because the G-15 occupies only as much space as two standard 
filing cabinets, special facilities are not required for installation. The unit is mounted on 
casters and can easily be relocated. Input/output equipment can be installed adjacent 
to the computer cabinet or at a remote location. 
QUALITY Designed and manufactured by Bendix Aviation Corporation, builders of 
7: world’s finest electronic equipment. Every major airline and the Armed Forces depend 
upon Bendix equipment for communications and navigation where reliability and accu- 
racy are paramount. The same standard of quality is built into Bendix Computers. 
AVAILABILITY The G-15 is in quantity production which assures you of 
prompt delivery. 
ECONOMY Initial cost is the lowest of any comparable computer. Maintenance 
Fa is lowest because of rugged built-in quality and plug-in construction. 


“Bendix Computer 


Bendix Computer Division 
5630 Arbor Vitae Street « Los Angeles 45, Calif. 


Please send information and prices on your G-15 Computers. 


ek Le 
Title _ 
Company 


e Address 


eeeeeee#eeeeee@ eeeeeee 
EXPORT DIVISION: BENDIX 


eeee ” 
INTERNATIONAL, 205 EAST 42nd STREET, NEW YORK, N.Y. 
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CONCENTRATED GAS FROM a » 
GENERATOR OR TANK ie 
PROPORTIONAL 
t CONTROL VALVE SSS 5 





PURE AIR 





(flow) 








ELECTRIC OR PNEUMATIC CONTROL LINE 


Ca] 


RECORDER 
CONTROLLER 














MIXTURE HELD TO 
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CONTROLLING 
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SCHEMATIC SHOWING CLOSED LOOP OPERATION OF SUPERSENSITIVE ANALYZER 





SUPER- 
SENSITIVE 
ANALYZER 


























detects hazardous gases as low as 5 parts per billion 


For the first time, accurate detection of 
toxic or combustible gases in extremely 
low concentrations is possible with 

Taller & Cooper’s Supersensitive Analyzer. 
In chemical control loop applications 

(per diagram) it functions as analyzer, 
detector, monitor. Its unique ability to 
measure gases directly in the parts per 
billion range offers important advantages 
for critical laboratory use. 


@ Measures gas concentrations 
as low as 5 parts per billion 


@ Uses most sensitive method 
of analysis known—the detection of 
mercury vapor in ultra violet light 


@ Is a sensitive quantitative de- 
tector for a variety of reducing or 
combustible materials 


@ Provides for continuous 
monitoring of critical areas 


TALLER & COOPER, INC. 


ENGINEERS * MANUFACTURERS P PRINTERS AND 


OSE 
INSTRUMENTATION + CHEMICAL 
—- & CONTROL EQUIP- 


Write today for Bulletin #501 on 
T & C’s Supersensitive Analyzer 


CONTROL EQUIPMENT & 
SYSTEMS + DIGITAL COM- 
PUTERS + TOLL COLLEC- 
TION SYSTEMS + WIND 
INSTRUMENTA- 


75 FRONT ST. * BROOKLYN 1, N. Y. 
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NEW PRODUCTS 


POWER 
SUPPLIES 


POWER PLUS demodulation 
in one package. 


This package supplies regulated 400- 
cycle power for flight instruments and 
demodulates 400-cycle signals for mag- 
netic oscillograph recording from 
synchro-type pickups. The power in- 
put is 26 to 29 vde at 23 amp, and the 
output is 110, 26, or 10 v, 400 cps. The 
demodulator input is 10 micro-watts, 
400 cps; the output, 600 micro-amp at 
200 ohms. Dynalysis Development 
Laboratories, Inc., 11941 Wilshire 
Blvd., Los Angeles 25, Calif. 


Characteristics 
Weight 
NEES ee ea 1} in. diam 
Power Rating. . . .4 watt at 160 deg F 
1 million cycles 


Circle No. 34, on reply card 


INDEPENDENT OUTPUTS 
from this power supply. 


This power supply has two inde- 
pendent high voltage output ranges. 
The unit delivers 0-300 vde at 300 
ma, 0-300 vde at 150 ma, variable bias 
0-150 vde at 5 ma, regulated by VR 
tube, and 0-10 vac, unregulated at 10 
amp max variable with powerstat. Out- 
put voltages change 0.15 per cent for 
line voltage of 115 vac plus or minus 
10 per cent, with less than 30 mv 
change from no load to full load. 
Ripple is less than 5,000 microvolts. 





rms. Both positive and negative of 
either output may be grounded on this 
model D3-300D. Dressen-Barnes 
Corp., 250 N. Vinedo Ave., Pasadena 
8, Calif. 


Circle No. 32 on reply card 


25 KW from tubeless 
rectifier. 


This new 25 kw, 230 vdc rectifier 
power supply operates from 230 v, 
60-cycle, three-phase ac input. Volt- 
age regulation is 15 per cent with a 
max ripple of 5 per cent. A new 
Perkin unit, it measures 18 in. wide 
by 22 in, deep by 72 in high. Perkin 
Engineering Corp., 345 Kansas St., El 
Segundo, Calif. 


Circle No. 33 on reply card 


COMPACT AND LIGHT 
germanium rectifier. 


This tubeless germanium rectifier 
weighs only 125 Ib. and stands 22 in. 
wide by 15 in. deep by 19 in. high. | 


EPIC FAST PULSE AND 
COUNTING EQUIPMENT 


MILLIMICROSECOND 


10 MC SCALERS 


(Model 4000 Series) 


available with: 


Predetermined count 
Predetermined time 
Regulated 500-2.5kv high 
voltage power supply 
Automatic reset 

Decade or binary systems 
Scale of 1000 or 4096 

0.1 microsecond resolution 
Preamplifiers and pulse 
height discriminators 


A wide range of choice makes it 
possible to select the exact high- 
speed counting equipment desired, 
from the basic manual models to 
the most fully automatic and com- 
plex counting systems. 


Square Pulse Generators 
with single or multiple pulse-outputs: p> 


Rise Time: .001 usec. from 10% to 
90% amplitude. 


Pulse Width: .001 usec. to several psec. 


Pulse Amplitude: From 100 volts to 
.006 volts in one db steps. 

Output Imp: Matched to any impedance 
for standard coax lines. Multi impedance 


outputs also available. 


PULSE GENERATORS © 0-10MC COUNT- 
ING SYSTEMS * PLUG-IN COUNTING 
SYSTEMS © ©.1 MICROSECOND RESO- 
LUTION COUNTER CHRONOGRAPHS 


WIDE BAND AMPLIFIERS 
(Model 700 Series) 

Band Width: 2000 cycles to above 10 MC 

Gain: 40 db or 60 db (Higher Gains Also Avail- 

able) 

Gain Control: Coarse and Fine Gain Controls 

Permit a Continuous Gain Variation by a Factor 

of 100 on Some Models. 

Output Limit Level: To 50 Volts for Positive 

Pulses on Some Models. 

Input: Positive or Negative Pulses, or Sine Wave 

Discriminator: 0-50 Volt Positive Amplitude Dis- 

criminator for Fast Pulses Also Available. 


ALSO CUSTOM DESIGNED EQUIPMENT TO 


MEET YOUR INDIVIDUAL REQUIREMENTS! 
Write for detailed engineering bulletin No. 902 


GQRTD ELECTRICAL & PHYSICAL INSTRUMENT 


CORPORATION 


42-19 27th Street, Long Island City 1, N. Y. 
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Lighter, more compact Servo 
Systems 


Kearfott developed compo- 
nents to fill the need today, for 
tomorrow's Servo Systems. 


SERVO MOTORS 


@ %" Diameter x 1.5" long 
.33 in. oz. Stall Torque 


6500 RPM, 26 Volt 400 Cycle 


@ %" Diameter x .937" long 
.10 in. oz. Stall’ Torque 


6500 RPM, 26 Volt 400 Cycle 


KEARFOTT 


“Penny Size” 


Servo Motors 
and 


Synchros 


SYNCHROS 


@ %" Diameter x 1.240" long 
Transmitter, Control Transformers, 
Resolvers and Differentials 
10 minute maximum error, 

26 volt, 400 cycle excitation 


Straight thru bore and potted stator construction provide en- 
vironmental resistance and high order of performance to these 
Motors and Synchros. Technical data sheets sent on request. 


KEARFOTT COMPONENTS 
INCLUDE: 
Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components. 


Many opportunities in the above fields 
are open—please write for details 
today. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 


South Central Office: 6115 Denton Drive, Dallas, Texos 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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his model G 125-25, convection 
cooled, is recommended for use in la- 
boratories and plants requiring an eco- 
nomical and compact unit. Perkin 
Engineering Corp., 345 Kansas a, 
El Segundo, Calif. 


Characteristics 


Output 125 vde, 25 amp 

Input... .230 vac, 60 cycle, 3 phase 

Voltage Regulation..4 per cent no 
load to full load, 14 per cent from 
4 rated load to full load 

Ripple 5 per cent rms 

Efficiency 94 per cent 

Power Factor 98 per cent 


Circle No. 34 on reply card 




















ANALOG COMPUTER 
power supply. 


The two output voltages of this 
power supply, designed for use with 
analog computers, are maintained 
within 0.02 per cent of their absolute 
voltage value and both outputs are in- 
ter-referenced to plus or minus 0.01 
per cent. Long time stability is over 100 
parts per million and short time sta- 
bility over 50. Each output is plus 
or minus 100 v at 2 amp, ripple and 
noise less than 1 mv, and output im- 
pedance less than 0.01 ohm for dc 
and less than 0.5 ohm for ac up to 
200 ke. Line regulation is plus or 





What's 


Your Use for... 

minus 0.0] pel cent for plus Or minus 
10 per cent change. Other voltage and 
current ranges available. Kay Lab, 5725 
Kearny Villa Rd., San Diego, Calif. 
Circle No. 35 on reply card 


ONE KNOB controls output 
of power unit. 


Ihe 0-35 vde, 15 amp continuous, 
2) amp intermittent, output of this 
compact, portable power supply is 
continuously variable through oper- sal 
ation oF One Kee. Diggne Sa Soe vernistat The Revolutionar 
14 per cent at 15 amp output with pie ‘J 
the KS-2903. Kell-Strom Tool Co., ] 
Inc., Wethersfield, Conn. New 
Circle No. 36 on reply card 


Precision Variable-Ratio Transformer 


Analog Computers? Servos? Control Systems? Vernistat 
is a completely different type of voltage divider combining low 
output impedance with an inherently high resolution and 
linearity not ordinarily attainable by precision potentiometers. 
The Vernistat consists of a tapped auto-transformer which pro- 
vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter- 
polating potentiometer that moves between 30 transformer taps. 
Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 
amplifiers. 
Specifications of the standard model Vernistat are shown below. 
Other versions are under development to meet specific end uses. 
What are your requirements for this unique precision voltage 


FOUR WAY SWITCHING divider? Fill in the coupon now. 


on dual power supply. vernistat division pik KIN-ELMER CORPORATION 


: NORWALK, CONNECTICUT 
Two heavy-duty power supplies, 


each 200-300 v at 0-300 ma, can be 
used for series aiding (400-1,000 v, SPECIFICATIONS vernistat division \%/\/ PERKIN-ELMER CORPORATION 
0) 300 ma), in parallel (200-500 v, Linearity Tolerance 815 Main Avenue, Norwalk, Connecticut 
Q-6U0U0 ma), for series bucking (0-300 better than +.05% Send me more information on the Vernistat. 
v, 0-300 ma), or can be isolated by Resolution better than .01% The application | have in mind is as follows: 
a unique, front panel switching ar- Output Impedance 
rangement. Giounding of either po- 130 ohms (mox.) 
larity is possible with all arrange- Max. Output Current 50 me NAME 
ments. Seven other dual units are 
available. New Jersey Electronics m. ee 

‘ a a . . . , ther models including a mini- 

¢ ~e / > > , M 

Corp., 345 Carnegie Ave., Kenilworth, cdicted Ait ane dniiaiiiedih tis COMPANY 
N. g available in the near future. 
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Frequency 50-3000 cps TITLE 


ADDRESS 
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Ayplesitn of acthaderay cusllepaphy 
VIBRATION STUDIES = Process 


| CONTROLERS 


DENTAL 
HANDPIECE 


COUNTER welcny Se aes 


TYPE 304A 


The Physical Setup: A dental handpiece 
driven by a variable speed motor. 

The Problem: To determine the effec- 
tiveness of a new bearing design in 
eliminating vibration from dental hand- 
pieces at high speeds. 

The Solution: A piezoelectric-type vi- 
bration pickup is placed in contact with 
the side of a smooth shank similar to 
the shank of a dental burr which is 
locked in the handpiece under test. 
The handpiece itself is rigidly fixed in 
a vertical holder and is driven by a 
motor, the speed of which can be varied 
from zero to 10,000 rpm. The motor is 
mounted on sponge rubber to prevent 
transfer of vibrations through the table 
to the vibration pickup, giving a spuri- 
ous reading. Thus, only vibrations from 
the handpiece bearings excite the vibra- 
tion pickup. 

The pickup rests on a sensitive lever 
balance so that various loads can be 
applied to the shank to simulate actual 
conditions of service. The output of the 


For further information concerning the 
Du Mont instruments used in this applica- 
tion, contact: 

Technical Sales Department 


ALLEN B. DU MONT LABORATORIES, INC. 
760 Bioomfield Avenue, Clifton, New Jersey 
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VIBRATION 
om PICKUP 


Ref 


NEW BEARING 


vibration pickup is applied to the ver- 
tical amplifier of a cathode-ray oscillo- 
graph* and the waveform, whose amph- 
tude is proportional to amplitude of 
vibration, is recorded by an oscillo- 
graph-record camera**. The left-hand 
waveform shows a typical recording of 
vibration taken from a handpiece with 
the old style of bearing. The right-hand 
waveform shows the vibration in the 
redesigned bearing, taken at the same 
load and at the same speed of 4000 rpm. 
With the aid of the cathode-ray oscil- 
lograph, bearing design was greatly im- 
proved, helping to eliminate pain and 
tooth damage in patients and increas- 
ing the life of dental burrs. 

An important application of Du Mont 
cathode-ray oscillography by the Kerr 
Manufacturing Company, Detroit, 
Michigan. 


*Du Mont Type 304A 
**Du Mont Type 296 


A complete compilation of transducers 
is available from Du Mont for $3.00. 


oU MONr 


Peary 








FLOW RATE measured through 
time and weight. 


Here is the way this flowmeter 
works: its input is a weight cell with 
1,000 pound capacity located so as 
to measure the weight of a tank into 
which a liquid is flowing. The meter 
is zeroed on the empty weight of 
the tank, and a timer used to note the 
time required for a pre-set increment 
of the liquid to enter the tank. The 
result is an indication of flow rate. 
Incremental weights ranging from 50 
to 700 Ib are possible, permitting a 
wide range of flow rates to be checked 
with the instrument. Baldwin-Lima- 
Hamilton Corp., Philadelphia 42, Pa. 

Circle No. 38 on reply card 


PRESSURE regulated 
by dial setting. 


Pressure regulation through a sim- 
ple dial setting is the special feature 
of this item. Two standard models 





penson MULT/PUMP 


VARIABLE VOLUME VANE PUMP 





DENISON 


7-5 20)| wae 


HYDRAULIC PRESSES « PUMPS » MOTORS + CONTROLS 


DENISON 
MULTIPUMP 
gives you 
variable volume 
at constant speed 
plus 
constant volume 
at variable speed 


NEW, EXCLUSIVE MULTIPUMP PRINCIPLE makes possible great savings 
in horsepower .. . by delivering only the oil needed by the circuit. 


SIMPLE, UNIVERSAL CONTROL-—in one compact unit—combines features 
available in other pumps only as optional items . . . and, in most cases, 
MULTIPUMP eliminates circuit components usually needed in addition 
to the pump itself. 


FINGER-TIP CONTROL. Simple hand dial adjusts volume. Volume is main- 

tained by MULTIPUMP regardless of variations in pressure and pump speed. 
and in addition... 

PRESSURE COMPENSATED, easily adjusted. Can be remotely controlled. 

Can be vented. 


OPERATES COOLER. New Denison design principle circulates oil from 
tank at all discharge rates, even when pump is compensated. 


SEND FOR FACTS. Operating characteristics, sizes and capacities of 
Denison MULTIPUMP are given in Bulletin 190. Write 


THE 
DENISON ENGINEERING COMPANY 
1170 Dublin Road « Columbus 16, Ohio 
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THE MAGNETIC IMPULSE COUNTER 


@ 10 INDIVIDUAL ARMATURES 


@ LIFE EXPECTANCY OVER ONE 
HUNDRED MILLION PULSES 


@ PRECIOUS METAL CONTACTS 
PALLADIUM OR GOLD ALLOY 


@ RELIABLE 
@ WIDE RANGE OF APPLICATIONS 
@ NORMAL DELIVERY—15 DAYS 


AELLOCC 


Industrial Sales Department 








A Famous 
Name in 
Communica- 
tions Now 
Solving 
Problems in 
the Control 
Industry 
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are available, one with 15 to 45 psi 
range, the other 10 to 110 psi. Spe 
cial ranges are available on order. 
Barmotive Products Inc., 440 Peralta 
St., San Leandro, Calif. 


Circle No. 39 on reply card 


MANUALLY balanced, shows 
temperature differences. 


Useful for measuring temperature 
differences as small as 0.02 deg. 
F, this manual-balance indicator is 
recommended for heat exchangers, dis 
tillation columns, wet and dry bulb 
humidity measurement, etc., through 
the use of two resistance bulbs con 
nected opposed to each other. Thermo 
Electric Co., Inc., Saddle River Town 
ship, Rochelle Park post office, New 


Jersey. 


Circle No. 40 on reply card 


SWITCH operates on absolute 
pressure changes. 


Action anywhere in the range of 
0 to 35 psi with a differential choice 
between 1.5 and 5 psi occurs indc 
pendent of atmospheric pressure with 
this Type J20 _ pressure-operated 
switch, as it uses completely evacu 
ated bellows. Altitudes of up to 
60,000 feet and 100 per cent relative 





humidity do not affect its operation. 


United Electric 
School St., 


Controls Co., 85 
Watertown, Mass. 
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SPECIFIC GRAVITY measured 
rapidly, accurately. 


Liquid densities can be measured 
conveniently for continuous sampling 
and other processing services with this 
specific gravity indicator. The unit 
employs a nonspin hydrometer in a 
special enclosue with safety glass 
and side plate construction. Dowel 
pin construction allows for easy dis- 
assembly and assembly. The Spec Gee, 
as it is called, is available in a variety 
of materials such as steel, brass, 316 
stn. steel, Hast. “C,” and Duriimet 

The unit illustrated is equipped 
with a_ built-in thermometer and 
needle valve as additional equipment. 
Ihe liquid, controlled by the valve, 
flows past the thermometer, filling a 
Pyrex tube containing the hydrometer. 
It then spills into two metal overflow 
tubes leading to the outlet. The 
hydrometer is furnished with a special 
lug that prevents it from rotating, 
thus keeping it in position for easy 
reading. ‘The indicator also comes 
with a dial-type thermometer or with- 
out thermometer and valve. Brooks 
Rotameter Co., Lansdale, Pa. 
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NKMEUOgdE Previcles 
Custom Assembled 





TELEPHONE TYPE 


GENERAL PURPOSE 
AT STOCK PRICES 


1710 STOCK CONTACT SPRING 
COMBINATIONS 


100 STOCK COILS AVAILABLE 


LIFE EXPECTANCY — over 50 
million operations 

PRECIOUS METAL CONTACTS — 
Palladium or gold alloy 


DELIVERY — 20 to 45 days 





A Famous 
| Nome in 


Communica- 
tions Now 
Solving Prob- 

| 


lems in the 
Control 
Industry 


PELLOGE 5. 


Industrial Sales Department 





KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Telephone and Telegraph Corporation 
Sales Offices: 79 West Monroe Street, Chicago 3, Illinois 


# KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
fr 79 West Monroe Street, Chicago 3, Illinois Dept. 72-E 
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UP TO NINE circuits 
MICRODIAL timed with ia’ 


For complex batch processes this 
DIRECT READING S aeciior 


new timed-program controller will 
THROUGH 3600° TO A provide up to 20 on-and-off steps for 


up to nine electric or pneumatic func- 


DIGITAL ACCURACY OF tions. Easily set and altered time se- 
quences are featured. Bulletin 98350 
1 PART IN 1000, 


fully describes the instrument. Taylor 
Instrument Cos., Rochester 1, N. Y. 

FITS ANY MULTI-TURN DEVICE 

HAND OR SERVO OPERATED 


The new direct reading Borg Microdial 
Model 1301 practically eliminates hu- COUNTING 
man error because it was designed for forced DEVICES 
fast reading. Laboratory, production and pro- 
cessing controls become more accurate when 
clear, sharp, figures on the specially designed 
Borg Counter are observed through the 
focal-point window. Borg Counter figures 
are seen against a dull black background to 
provide maximum contrast for instant per- 
ception under difficult reading conditions. 


Circle No. 43 on reply card 


The specially designed Borg Counter in the 
Model 1301 Borg Microdial reads from 000 
to 999 to 000 in 3600 degrees of continuous 
rotation with no stops. Maximum recom- 
mended operating speed is 10,000 counts 


per minute (100 rpm). LOW COST decade 

Designed for military application, it has a counts to a million. 

built-in dust shield and clear-vision, wide- i ee aa 
angle window for accurate reading from Printed circuits and a miniature 
almost any position in front of the dial. high-speed mechanical register con- 


tribute to the low cost and simple 
The Model 1301 Borg Microdial is compact. operation of this Model 345 Decade 
It measures only 1-3/4” in diameter and Counter. Pulses of up to 200 cps 
1-5/8” in height and occupies no more panel 


t } with a trigger input of 2.5 v are 
space than the Micropot it controls. summed to a million Pulse pair 


WRITE FOR CATALOG SHEET BED-A31 | resolution is 5 microsec. Input imped- 
wm oenninitienditiadies es: =O ance one megohm, weight 7 Ib. Photo- 
OuIpDAEnR ’ cell and magnetic pickups are avail- 
able. Daytronic Corp., 216 S. Main 

St., Dayton 2, Ohio 
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ELAPSED time read 
to 0.1 microsec. 


A temperature-controlled 10 me 
crystal oscillator serves as a time base 
accurate to part in a million for a 
high-speed counter-chronograph _ in- 
tended for the accurate measurement 
of small elapsed time and pulse 
widths. Called the model 800, it 
measures intervals as long as 1/20th 
sec to an accuracy of within 0.1 mi- 
crosec. Electrical and Physical In- 
strument Corp., 42-19 27th St., Long 
Island City 1, N. Y. 

Circle No. 45 on reply card 


ke 
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MORE SPEED AND LIFE 
with new pulse counter. 


A unique stepping motor having 
only one moving part gives a count- 
ing rate of 0 to 130 counts per sec 
through a life of 500 million counts 
to the Sigma Cyclonome. Minimum 
pulse or half cycle duration that can 
be counted is 3 millisec. Sigma In- 
struments, Inc., 77 Pearl St., S. Brain- 
tree, Boston 85, Mass. 

Circle No. 46 on reply card 


UNSKILLED HANDS operate 
frequency counter. 


This new direct digital reading fre- 





An earnest 


electronics engineer 


kept worrying 


‘bout gains non-linear. 


kept him in tangles 
And threatened to 
wreck his career... 


Unmeasurable 


phase angles 





Tsk, tsk—too bad he didn’t know about 


Only SERVOscope gives 
you these 4 features 
in one piece of 
equipment: 


1. 


Applicable to both 
AC carrier and DC 
servo systems. 


. Built-in electronic 


sweep, phaseable 
with respect to 
generated signals. 


. Comes in 4 models 


offering frequency 
ranges from 
0.0001 to 60 cps. 


. Generates 3 types 


of signals: 


Sine wave 
modulated carrier. 


Low frequency 
sine waves. 


Low frequency 
square waves. 


® 


New Hyde Park 


Long Island, N. Y. 


SERVOscope” 


No need to beat around the breadboard . . . SERVOscope 
speedily and accurately measures gain and phase shifts of 
L-F amplifiers, servo mechanisms, recorders and other circuits 
in the subsonic frequency ranges. It takes just a few flicks 
of the dial to get the values for plotting magnitude and 
phase curves. 


Whether you’re developing designs, or production testing— 
SERVOscope will save you man hours and prevent costly 
errors. 


a" 
WW 


SERVO CORPORATION of AMERICA 


SERVO CORPORATION OF AMERICA 
New Hyde Park, Long Island, N. Y. 


PLEASE SEND ME... engineering specs and actual 
test set-ups on SERVOscope. 





RCA RECTIFIER TUBES FOR INDUSTRY 














For example, RCA Mercury-vapor Rectifier Tubes are known for their 
long life, high peak emission capabilities, low internal voltage drop, 
and ability to withstand high fault currents. They are PULSE-TESTED 
at current levels that assure adequate reserve emission. And they 
are given tough operation tests—more severe even than maximum 
rated conditions ! 


RCA Rectifier Tubes, as well as RCA Thyratrons and Ignitrons, 
are available in a wide choice of current and voltage ratings to fit 
your application — whether it is RF Heating, Motor Control, Computer 
Operation, Welding, or Accelerator supply in nuclear work. 


For fast ON-THE-SPOT service on all RCA Tubes, call your RCA Tube 
Distributor. For tube technical data, write RCA, Commercial Engineering, 
Section E5s6T, Harrison, N. J. 


RADIO CORPORATION of AMERICA 


- ELECTRON TUBES HARRISON, H.JI. 
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quency counter is designed for meas 
urement of any electrical, mechanical, 
or optical phenomena convertible to 
varying voltage.- Featuring high ac 
curacy, the DS-6100-T will operate 
from 1 to 100,000 events per sec. 
Computer-Measurement Div., Detec 
tron Corp., 5528 Vineland Ave., N. 
Hollywood, Calif. 
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DEGREE COUNTER turns 
fast and durably. 


Indicating revolutions up to 359 
deg, this model 1502 angle counte1 
shows 10 deg changes for one revo- 
lution of the input shaft. Speeds of 
500 rpm are attainable with the 24 
oz counter. Bowmar Instrument 
Corp., 2415 Pennsylvania St., Fort 
Wayne, Ind. 

Circle No. 48 on reply card 


LOW COST digital read-out 
is speedy printer. 


Eight or ten digits are printed out 
by this instrument as fast as 40 milli- 
sec apart (25 cps). Models 1972 and 
1973 provide credit balance accumu 
lation. Actuating solenoids are pro 
vided for 48 vdc or 110 vac or de. 
The unit will accept serial information 
without switching from column to 
column. Technical Sales Dept., Clary 
Multiplier Corp., San Gabriel, Calif. 
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THE CHALLENGE 


OF CREATIVE 


ENGINEERING 


At IBM, engineers are continually exploring the frontiers of man’s 
knowledge in the expanding field of electronics. 

Here, where the known meets the unknown, they are confronted 
every day with challenges that call for truly creative 

thinking —new ideas, new concepts, new applications. 

In IBM’s modern laboratories, engineers find the advanced 
facilities and, even more important, the atmosphere of freedom 
so vital to the search for knowledge and the stimulation 

of achievement. 

If you are interested in this kind of engineering opportunity, and 
have the necessary background, we would like to have you visit 
our Poughkeepsie, N. Y., Laboratory. Here we can demonstrate 
beyond the power of printed words —that IBM provides the 
environment and opportunity you have been seeking. We suggest 
that you write, outlining your interests, to William M. Hoyt, 
Room 2605, IBM, 590 Madison Avenue, New York 22, N. Y. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 





A section of the 
16M Laboratory ©. 





World's 
Largest Producer 
of Data 
TRADE-MARK Processing Machines 
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NEW SAVINGS in your operations | | “f” Promucrs 


with POTS AND 
Grnold 0. Goekman ee 39mm | PICKUPS 


Pictured is the Model G2 Recording Analyzer— 
finest for precise oxygen measurement. 


NO WAVE DISTORTION 
ON OPERATIONS LIKE THESE...MAKE SAVINGS LIKE THESE Vr wide range. 


A new principle of design in the 

eS os type PD-2 dielectric potentiometer 
gives an output wave form identical to 

PROCESSING Better product quality the input wave over a range of fre- 
AIR LIQUIFRACTION AND with minimum oxygen or quencies from 20 cycles to 10 mega 


j inati: ~vcles. Variations in input imped 
PRODUCTION OF HIGH PURITY GASES air contamination a danas tons Ps 
ance, range of attenuation, adaptation 


: Cc ! losi h to specific nonlinear functions, and 
SAF TY sais ie mak omedeie pri mechanical drive make for varied ap 
PRODUCTION OF HYDROGEN, MCE PE FISKS, MINIINIZE plan 














lications. Technology Instrument 
and personnel hazards _ - 5 
ACETYLENE, ETC. . Corp., Acton, Mass. 


PRODUCT PROTECTION Reduce oxidation, maintain ee ee ae Om le A 





product standards with 
RESIN KETTLES, COLOR PIGMENTS, controlled purge systems 
PRODUCT STORAGE, ETC. 


Unique Operating Principle 


The various applications highlighted above are only a 
few of the many ways Arnold O. Beckman Oxygen Ana- 
lyzers—industry’s great new profit builders—are being 
used by progressive operators to boost profits, cut costs. 

These are the only oxygen analyzers that continuously 
measure process streams by an advanced magnetic prin- 
ciple that provides direct physical measurement of the 
oxygen itself—not of some secondary relationship. 

Heart of the unit, as illustrated, is a dumbbell-shaped 
test body suspended in a magnetic field. Sample gas sur- 

FYING rounding this test body causes it to rotate in the field, 
AMPLI depending upon the oxygen content of the gas. The move- 
& BALANCING ment of a light beam, reflected by a small mirror on the 

test body, is measured by simple electronic circuits... 
circuit and the result indicated directly on a conventional re- 
corder or indicator. It’s simple, positive, accurate! 








No chemicals — filaments —catalysts 
cams—complicated mechanical parts! 





Send for Helpful Free Literature which describes this 
unique operating principle in detail—explains its many ad- 
vantages and applications. When writing, outline your par- 
ticular operations—we'll gladly supply specific information. 


Ask For Data File 15 V-55 


50-TURN TRANSDUCER per- 
FEATURES OF THE G2 


forms Kelvin-Varley functions. 
Many ranges: Full -_ congne 0-0 i%. 
0-0.5%, 0-1% 02 and others for low ‘ N : s Bonn. 
concentrations. Ranges 90-100%, 95- The unique design of the Diviac 
ee rate Instru ty for S id Industry Model 25A incorporates a system that 
Multi-Ranges: Any instrument may be automatically performs the functions 
supplied with two or more ranges 1020 MISSION STREET y I 


, a Kelvin-Varley circuit. The ap 
Note: For ranges wider than 0-5% SOUTH PASADENA, CALIFORNIA of a Kelvin-Varley a ; a] 
O., ask about the Model F3 Analyzer. paratus presents a constant input im 
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pedance, and input voltage is twice 
divided into ten equal steps—once to 
produce 10 per cent of applied voltage 
and again to produce 1 per cent of 
applied voltage by two banks of pre- 
cision matched resistors. Further in- 
terpolation of this voltage is obtained 
with a precision single turn potenti 
ometer. Switching points are un 
critical and maximum input speed is 
3,000 rpm as there are no genevas or 
intermittent drives. A smaller model, 
the 5A, is available that rotates 
through 5 turns and has only one 
bank of resistors, with total resistance 
options of 1,000, 10,000, or 100,000 
ohms. Feedback Controls, Inc., Alex- 
andria, Va. 


Characteristics (Model 25A) 


No mechanical stop. .continuous ro- 
tation 

Moment of inertia....1.15 gm-cm* 

Starting torque... ..0.4 in.-oz (max) 

Linearity... . (std.) 0.005 per cent ab- 
solute, zero based 

Resolution 0.0005 per cent 

Frequency = dc to 50 ke 

eo bisiin s 10 

Relay power .24 vde at 40 ma 


Circle No. 54 on reply card 


DUAL ELEMENT transducer 
for high output. 


Two metal bellows respond to pres- 
sure variations and actuate two sets 
of paired precision potentiometers in 
this differential pressure transducer. 
One bellows connects to the dynamic 
pickup line and the other to static 
or ambient pickup. Each of the 
four pots has individual outside ter- 
minals. Technology Instrument Corp., 
Acton, Mass. 


Characteristics 
Resistance ratio versus pressures. .0.5 
per cent linear 
TTT 0.5 per cent 








THE FACTS ABOUT 


KYBERNETES 


60 times per second 
f each individual transmitter. A 


ay be used per 


2400 bits of information per second 
(60 x 40) may be transmitted by a single co-axial 
cable to the receiving area 


Dynamic Visual Display 


re kinescopes dire 


Receiver unscrambles 2400 bits of 
information per second into continuous 
signal outputs for each measured variable. Output 
signals are compatible for use with conventional 
indicating and recording instruments. Also digitized 
print-out, data storage, and computing systems. 


Scanning operation is never inter- 
rupted. Annunciator. syster . 


cafe 


nt 


Additional Features: Fail-safe operation — high degree of linearity 
and stabilization against component drifts and tube aging insensitivity 
to-tine voltage fluctuations. Unitized plug in construction for flexibility 
readily JANized for airborne and military applications 


For specific information applicable to your own 
monitoring requirements, write today. 


Pee 


KYBERNE™ 
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NEW! 


AGASWITCH 


TRADEMARK 


...0 introduce 
time delays into 
electrical 
circuits 


2 
—_—— a 


5 oO Circuit diagram, 


" =O 6 double pole unit 
* Adjustable —time delays from 0.1 second 
to 5 or more minutes 
* Manually operated, pneumatically timed 
© Only 3%” x 242” x 2%" overall 
* Both single and double pole types 
* Accurate, adaptable, compact and inexpensive 
Write for details or application engineering 
assistance. Address Dept. A6-520. 


v v ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, New Jersey 


DIVISION Pioneers in pneumatic timing 














Write today for your free 
copy of this Technical Paper. 


Electrical Noise in 
Wire-Wound Potentiometers 


BY IRVING J. HOGAN 


Research and Development Division 
Helipot Corporation 





Presented at the 1952 WEST COAST LR.E. CONVENTION 
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‘Temperature variation. .less than 0.5 
per cent (—55 to +71 deg C) 
Resolution. .less than 0.2 per cent of 

pressure range 
Size. .2% x 4% x 5% in., 1.3 lb 


Circle No. 52 on reply card 


PRESSURE pickup responds 
to transients. 


A resistance-type high pressure pick 
up for rapid transients can be used 
with gas and liquids. It is ay uilable 
in 1.000 to 5.000 psi gage ind abso 
lute ranges, with other ranges on 
special order. Size is less than % in 
diam and 1 in. long. Consolidated 
Engineering Corp., Pasadena, Calit. 
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3/16 IN. HIGH and 
25,000 ohms wide. 


Weighing only 2 grains Tiny Trim 
is half the size of existing trimming po 
tentiometers. Flat and with the ad 
justing screw on the narrow edge, it 
can be stacked in compact banks. Ad 
justment ratio is 80 to 1 and it is 
moisture and corrosion resistant, as 
well as stable up to 250 deg. F. Day 
strom Potentiometer, 1509 Colorado 
Blvd., Santa Monica, Calif. 


Circle No. §4 on reply card 
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(64) COUNTERS. Richardson Scale Co. 
Reference sheet, 4 pp. Describes 11 coun- 
ters: motor driven, mechanically tripped, 
ticket-printing, solenoid operating, etc 


(65) LINEAR POTENTIOMETERS. 
Benson-Lehner Corp. Data sheets, 4 pp. 
Provides pertinent imensions and electri- 
cal characteristics for lineal-motion poten- 
tiometers with stroke lengths up to 20 in. 


(66) PINCH VALVES. RKL Valve & 
Mfg. Co. Cat. 1154, 8 pp. Performance 
curves and significant dimensions of air- 
operated self-supporting pinch-valves for 
corrosive materials or abrasive slurries, wet 
or dry. Sizes from } in. to 1 in., for line 
pressures of up to 100 psi. 


(67) POWER SUPPLIES. New Jersey 
Electronics Corp. Catalog, 8 Defines 
" “long term stability,” 
‘ag “hum, 7 64, 
“noise,” “bounce” for their full line of vi 
power supplies, resulting from od circuits 
and variations of eight 


(68) antes oma ee Products 
Co. Catalog 6 pp. Tabbed for 
reference, this lists 450 standard and 
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78 
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metal housings for electronic gear. 


(69) DIGITAL INSTRUMENTATION. 
G. M. Giannini & Co., Inc. File of leaflets, 
16 pp. General description and applica- 
tion of instrumentation systems, encoder 
systems, data handling systems, etc. Block 
diagrams, — and dimensions of 
pertinent elements are provided. 


(70) LIQUID LEVEL. Minneapolis- 
Honeywell Regulator Co. Bulletin 1161, 
20 pp. A discussion of the principles of 
measuring liquid level, its automatic con- 
trol, tabulation, and a variety of pressure 
systems. A rounded little text on the sub- 
ject, providing breadth and basic informa- 
tion, with tables and statistics. 


(71) PNEUMATIC CONTROL. Minne- 
apolis-Honeywell Regulator Co. Bulletin 
— 44 pp. This book’s 11 chapters 

e from the modes of pneumatic con- 
trol ers to the provision of sources of clean 
air for pneumatic systems. A real treatise, 
with tables, diagrams, and curves. 


(72) VALVES. Imperial Brass Mfg. Co., 
Bulletin 3037, 11 pp. Needle valves, tog- 
gle valves, plug-type valves, test valves, 
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quick-disconnect valves, blow-down valves, 
and packless diaphragm valves are described 
and dimensioned in this informative piece. 
Sizes up to 4 in. pipe thread are stocked. 


(73) VALVE RATINGS. Black, Sivalls 
& Bryson, Inc., Product Information — 
BS&B Controls Sizing Manual. 

tion of a new method of s renee 4 
through _— analysis of wn Be “3 = 
action of liquids, steam, or gases for 
conditions of flow. It indicates Rath a 
valve must do in a given installation, and 
what it will do. 


(74) SHAPED WIRE. American Chain 
& Cable Co., Inc. Booklet DH-1226, 16 
pp. Wire shaped in rounds, triangles, key- 
stones, full ovals, half ovals, half rounds, 
etc., with cross-sectional areas to and 
including 4 in. square, and widths up to 
2 in. The wire is made in stainless, low 
and high carbon. 


(75) FLAT CAPACITORS. Gudeman 
Co. Bulletin 337-8, 6 pp. Illustrates and 
gives complete technica details on minia- 
ture flat “Mylar” dielectric capacitors. In- 
cluded are tables of capacitance values and 
voltage ratings, dimensional drawings, ex 
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planation of catalog numbers and a host of 
operational data ranging from lead pull 
tests to lead bending tests. 


(76) HOSE. J. N. Fauver Co. Catalog 
55, 24 pp. Hose assemblies, stems, swivels, 
couplings, and accessories with complete 
engineering data. Sizes range from ¥¢ in. 
I.D. to 2 in. LD. 


(77) PROCESS INSTRUMENTS. Na- 
tional Instrument Laboratories. Bulletin 
153, 4 pp., outlines an accurate gas flow 
measurement instrument. Performance 
curves and detailed specifications provided. 
Bulletin 154, 2 pp., describes a linear flow- 
meter designed for accurate and convenient 
metering of flow rates of gases up to 20 
psig. This company also makes a precision 
manometer and surface tensiometer. 


(78) CLUTCHES. Electronic Mfg. Engi- 
neering Co. Catalog, 8 pp. Describes and 
dimensions a line of miniature magnetic 
clutches for torques up to 15 oz in. at 
speeds up to 200 rpm, with coil voltages 
from 6 to 30 dc. Single and multi-tum 
models are described. ese clutches are 
under one in. in diam. 
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(79) TRANSFORMERS. Freed Trans- 
former Co., Inc. Catalog 545, 24 pp. A 
complete catalog of transformers and mag- 
netic amplifiers. Includes high Q reactors, 
high fidelity components, pulse transform- 
ers, filter chokes, toroidal inductors, etc. 


(80) TACHOMETERS. Electric Tachom- 
eter Corp. Bulletin 531, 16 pp. A heavy 
duty electric tach with de output for meter 
indication of speeds up to 30,000 rpm. 
Seven types of panel indicators with scale 
lengths up to 174 in. are described. 


(81) POWER SUPPLIES. Lambda Elec- 
tronics Corp. Catalog 55, 26 pp. Regu- 
lated and unregulated power supplies, port- 
able and rack mounted, are described in 
— herein. Over 112 models to choose 
rom. 


(82) RADIATION MEASUREMENT. 
Tracerlab Inc. Catalog D, 111 pp. A com- 
pave list of radiation instruments. 

lers, ratemeters, sample holders, survey 
meters, protection devices, Geiger-Mueller 
tubes, reference sources, scintillation, sam- 


— and safety equipment, and 
medical, industrial, and custom devices. 


(83) SEALLESS PUMP. Gavan 
Corp. Bulletin 1010, 16 pp. Centrifuga 
umps, seal-less and leakproof, in a e 
om ¢ to 74 hp providing head up to 195 
ft and capacities to 250 gpm are shown 
in detail, with all relevant data. 


(84) EDDY-CURRENT BRAKES. Eaton 
Mfg. Co. Bulletin BR-1, 12 pp. The con- 
struction and performance of brakes having 
no friction surfaces, cooled by either air or 
liquids for torques over 200 Ib ft at speeds 
up to 1,800 rpm. These brakes, electrically 
controlled, described in detail. 


(85) STANDARD RESISTORS. Leeds & 
Northrup Co. Data sheet EB2(1), 4 pp. 
Describes fixed dc and ac resistors. 


(86) DYNAMIC MOTORS. Reliance 
Electric & Engineering Co. Bulletin, 12 
pp. Provides information on acceleration 
rates, enclosures, dimensions, and selec- 
tion data on a line of dc motors designed 
for dynamic response. 


(87) ROTARY SOLENOIDS. G. H. Le- 
land Inc. Revision 4, 26 pp. Design data: 
dimensions, torque, speed, driving voltage, 
resistance, etc., for a line of compact rotary 
solenoids. 


(88) ELECTRONIC COMPONENTS. 
Electro-Measurements, Inc. Catalog, 8 pp. 
Descriptions and specifications of Dekastats 
with direct reading coaxial dial, laboratory 
instruments in the Deka line, and their 
prices. 


(89) FLOW METERS. Brooks Rotame- 
ter Co. Bulletin, 20 pp. Flow capacity 
charts, details of design and construction, 
tube float material and design data, dimen- 
sional drawings, modifications, and acces- 
sory equipment illustrated, for Full-View 
Rotameters. 


(90) PNEUMATIC PROGRAM. B.LF. 
Industries. Sup. Bulletin 285-L1, 2 pp. 
Describes the performance, dimensions and 
characteristics of a cam-type pneumatic 
program used with chlorinizer systems, 
chemical feeders, or pneumatic process 
control systems. 


(91) METAL FILM RESISTOR. Daven 
Co. Brochure, 6 pp. Describes Series 850 
resistors. Hermetically sealed with tem- 
perature coefficients independent of resis- 
tance value, they are available up to 2 
watts with tolerances to 4 of one per cent. 


(92) ROTARY ACTUATORS. New 
Providence Electric Co. Operational char- 
acteristics of a rotary actuator using two 
clutches to obtain reversible rotation and 
high torque from an input rotation. 


(93) COMBUSTION CONTROL. Hagan 
Corp. Bulletin MSA-116, 14 pp. Com- 
bustion controls systems used with gas- 
fired boilers presented photographically. 
Deals with simplest natural-draft boiler 
using parallel control system to the very 
large boilers needing three-element feed 
water control equipment and interlocking 
safety devices. 


(94) VOLTAGE REGULATORS. Soren- 
sen & Co., Inc. Bulletin, 4 pp. Output 
curves and specifications of a complete line 
of voltage regulators providing accuracy 
within 0.01 per cent. 








25 ON A SHAFT makes 
up this gang. 


As many as 25 of the Series V 
Helipots may be ganged on a com- 
mon shaft during manufacture. In 
addition, 13 tap connections can be 
added to each pot by spot welding 
each tap to a single turn of wire. De- 
signed especially for nonlinear require- 
ments, resistance up to 130,000 ohms 
are available. Helipot Corp., 916 
Meridian Ave., So. Pasadena, Calif. 

Circle No. 55 on reply card 


DO IT YOURSELF reaches 
dual-concentric pots. 


A total of 22 controls can be built 
from the 363 possible combinations 
with the new Centralab ‘“Fastach” 
dual-concentric control kit. Combi- 
nations include resistance, taper, and 
switch or plain types. The unit comes 
in a metal cabinet and is designed for 
engineers and labs doing experimental 


or pilot model work. Centralab, 900 


East Keefe Ave., Dept. B-52, Mil- | 


waukee 1, Wis. 
Circle No. 56 on reply card 


FEEDBACK FACT 


Posed: Micro-switches, like cheese, 
need aging before use. Engineers ask: 
Where is the ideal place? 

Solved: Honeywell's M-S_ Division 
looked around and found the logical 
answer—a cheese aging room in a 
local dairy. 


goes into 
your Cinema 


Twenty years of resistors 
experience and 
conscientious 

pride is built into 
Cinema resistors. 
Write for catalogue 


on your letterhead. 


= 


CINEMA ENGINEERING CO. 
DIVISION AEROVOX CORPORATION 
1100 CHESTNUT ST. + BURBANK, CALIF. 











BOOST 100 PSI AIR PRESSURE 


OT... 


Ds7ggss 
(F.O.B. Gardena, Calif.) 


Continuous - acting, air -driven. 
Various ratios give maximum 
fluid pressures of 100 to 50,000 
psi. Size: 8%" wide x 9%" deep. 


Eight standard models. Special models for lower or 
higher pressures. Applicable wherever low-volume 
output at high pressures is the requirement, such as 
static testing, powering presses for forming, shear- 
ing, clamping, etc. Thousands in use. Complete 
power packages also available. Send for Bulletins. 


SPRAGUE 


Engineering Corporation or = 


® 1144 WEST 135th STREET, GARDENA, CALIFORNIA 
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Brew 
Delay Lines 


. . . for applications 
requiring exceptional 
characteristics 


Shown above is a Lumped Constant Delay Line designed, 
manufactured, and delivered on schedule to a customer who 
came to us with the following requirements: delay 1.0 usec, 
reflections 50 db below peak signal, frequency response: 
from 0-4.5mc less than + 0.1 db — from 4.5-10mc less than 
+ 6 db, attenuation less than 6 db, phasing + .01 usec 0-4.2 
mc, impedance 150 ohms, max. temp. 150° F., operating 
temperature 120° F., voltage 350 VDC + 6 VPP video, source 
impedance 4 uu 1200 ohn, grid circuit termination 10 uu. 

The three main types of delay lines . . . Lumped Con- 
stant, Ultrasonic, Distributed Constant . . . are available from 
Richard D. Brew and Co., and our special techniques and 
methods, plus rigid quality control measures assure you of the 
finest and most practicable delay lines to meet your needs. 
Major consideration is given to proper packaging as well as 
electrical specifications. 

Consult Richard D. Brew and Co. and you'll get enthusi- 
astic cooperation and help. 


Send for General Catalog 54 
C BREW) Richard D. Brew and Company, Inc. 
Concord, New Hampshire 
development 


—— design manufacture 


NEW PRODUCTS 


CONTROL 
MISCELLANY 


PUSH-PULL control mounts 
easily, flexibly. 


Rotating the knob of this actuator 
270 deg produces a 14 in. linear mo- 
tion of its flexible wire control. 
Mounting takes one nut. The mech- 
anism behind the panel is 24 in. 
deep. Intended for air-conditioners 
and automobiles, it nevertheless looks 
economical and suitable for a variety 
of push-pull actuation applications. 


Its advantages are simple, neat mount- 
ing and location flexibility provided 
by the wire control cable. Arens Con- 
trols, Inc., 2017 Greenleaf St., Evans- 
ton, Ill. 





electronic 
engineers 
applied 
physicists 
wanted to work in basic research and 
development for commercial and 
military applications. 
You will find 

unusual opportunities 
for rapid 
advancement 

and professional 
growth as part of a 


team of recognized scientists 
and engineers. 


Circle No. 7 on reply card 





RESEARCH Ra. 
MAGNAVOx > 


LABORATORIES 


e Advance pulse circuits 

e Digital system testing 

¢ Magnetic core techniques 
e Data conversion systems 
e Electronic packaging 

e Logical design 

e Semi-conductor circuits 

e Materials research 


YOU ARE YEARS AHEAD WITH 
4 @ Ves. 9-414 o> < 


Positions at 
all levels available 
for work in: 


LOW-COST PREAMP for 
industrial uses. 


Small and low-cost, this preampli- 
fier may be used to boost voltage of 
low-output transducer, or as an all- 
ge laboratory type voltage ampli- 

er. Weighing 4 lb, model 3400-A 
packs a gain of more than 200 up to 


MAGNAVOX RESEARCH LABORATORIES* 
2255 South Carmelina Avenue, Los Angeles 64, Calif. 


For personal interview, 
send resume to 


*a DIVISION OF THE MAGNAVOX COMPANY 





CONTROL ENGINEERING 





30,000 cps, 100 at 100,000 cps, and 
50 at 200,000 cps. Peak-to-peak out- 
put is up to 10 v with less than 24 
per cent distortion, and noise at max- 
imum gain is 40 db below the 10 v 
output. Electro Products Labora- 
tories, 4503 N. Ravenswood Ave., Chi- 
cago 40, II. 


Circle No. 58 on reply card 


95 PER CENT EFFICIENCY 
from germanium rectifiers. 


This new germanium rectifier, avail- 
able in models from 300 to 50,000 
amp dc output, gives 95 per cent eff- 
ciency at full load. Voltage variations 
less than plus or minus 1 volt have 
been maintained from no load to full 
load in stabilization tests. Inductor 
controls are oil immersed, fully mo- 
torized, and continously variable, and 
the elimination of fans and cooling 
systems results in a physically smaller, 
almost completely sealed unit. Rapid 
Electric Co., 2881 Middletown Rd., 
Bronx 61, N. Y. 


Circle No. 59 on reply card 


NEW LEVER for variable speed 
transmission. 


The motion of a lever through a 
180-deg arc provides variable speed 
control on the Speed-Trol variable 
speed transmission. The manufacturer 
offers a variety of mountings and con- 
trol mechanisms with Speed-Trol to 
facilitate its use with conveyors, power 
tools, pneumatic systems, etc. Sterling 
Electric Motors, Inc., 5401 Telegraph 
Road, Los Angeles 22, Calif. 


Circle No. 6Q on reply card 


ELECTRO SWITCH 
CATALOG 


Low-cost, 


Ssenendable 
ROTARY 
MULTIPOLE 
SWITCHES 

for instrument, 
transfer, 
and 

selector service 


i— 


ESCO instrument switches permit control of com- 


plex circuits with a single compact switch instead of 
separate switches. This catalog covers ESCO Types P 
snap-acting and Type JR detent-action switches. 


Write today for your copy of this new catalog. 


ELECTRO SWITCH 
CORPORATION 


Weymouth 88, Massachusett 


Be sure every Chart is on ‘hand 


When you 
NEED IT! 





Order from Technical’s precision 
production of over 8000 different 
roll and dial Charts. 


No matter how varied your recording chart needs... 
Technical’s large specialized chart making facilities get 
your needs to you on time! And, in addition, when you 
order from Technical you simplify your paper work. 
Technical can ship many of 8000 different Charts 
with one order, one invoice, one delivery and 


one payment. It's a unique service used by 
large and small firms alike . . . including 
E. 1. DuPont de Nemours & Co., Inc., Mayo 


Clinic, Eastman Kodak Co. and others. Write 
today for Catalog 55, — services are out- 


lined and sample charts included for your = 
examination. 


Catalog 55 


TECHNICAL CHARTS, INCORPORATED 


188 VAN RENSSELAER ST., BUFFALO 10, NEW YORK 





Nationally d by TECHNICAL SALES CORPORATION 
Y goo Meyers Road, Detroit 35, Michigan 





MAY 1955 131 








PROFESSIONAL 
SERVICES 





© DESIGN 
RESEARCH 


TESTING 
MANAGEMENT 
ECONOMIC STUDIES 
INSTRUMENTATION 
CONTROL SYSTEMS 








CONSULTING BNGINEER 
Specialist in correlating experimental data with 
practical design, on a sound basis of theoretical 
principles of electrical and mechanical engineering, 
of servo-electric mechanical control systems, includ- 
ing both analogue and digital computers. 


178 Hicks Street, Brooklyn, N. Y. 








JOSEPH L. COLLINS 


Consulting Engineer 
ELECTRONIC CHEMICAL 
ELECTROCHEMICAL ELECTRICAL 
Management ¢ Administration ¢ Product Design 
Process Engineering ¢ Quality Control ¢ Materials 
Specifications 
HU 2-1092 


Statler Bldg. Boston 16, Mass. 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 


ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 
One Continental Hill Glen Cove, N. Y. 
Glen Cove 4-7300 








INTERFERENCE MEASUREMENT 
LABORATORY 


ae ? > Devel, 


C o h- t 
Interference Study per Government Specifications 
Shielded Space for Interference Investigation 
Radio Interference Filters 
907 East 5ist Street Brooklyn 3, New York 


Ingersoll 9-1765 











SVERDRUP & PARCEL, INC. 


Consulting Engineers 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
z instrumentation for atomic energy . . . . chem- 
ical plants . . . . petroleum refineries . . . . steel 
plants. ... test facilities... . and other process 

industries. 


915 Olive Street St. Louis 1, Missouri 








WALSH ENGINEERING CO. 


Specialists in design of 
ELECTRONIC and MAGNETIC 
Apparatus to solve unusual problems. 
Complete Model Shop. 

34 DeHart Place Elizabeth, N. J. 
Elizabeth 2-7600 














MORE CONTACTS LEAD TO 
MORE CUSTOMERS 

When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 
the experts. 

For further information on how to reach 
these executives, write: 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


330 W. 42nd Street, 
New York 36, N. Y. 
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ENGINEERING 


NEW BOOKS 


Takes the Strain Off You 


THe Strain GacE PRIMER. C. C. 
Perry and H. R. Lissner, Wayne 
University, 6 by 9 in., 281 pp. Pub- 
lished by McGraw-Hill Book Co., 

Inc., 330 W. 42nd Street, New 

York 36, N. Y. $6.00. 

The first half of this book covers the 
three basic steps in experimental stress 
analysis with strain gages: selection of 
an appropriate gage and its cementing, 
properly oriented, in the correct loca- 
tion; use of suitable instruments for 


| measurement in each application; in- 
| ° : . 
terpretation of the strains and their 


translation into stresses. 

In the remainder of the book basic 
principles are extended to special ap- 
plications. Moisture-proofing for high 
humidity to submersion is discussed, 
as are problems of long-time strain 
gage applications, such as zero-drift 
and cement- and indicator-instability, 
which get a chapter by themselves. 

Other chapters deal with the use of 
slip rings and switch contacts in strain 
gage circuits, transducer applications, 
special problems and techniques (such 
as high-temperature strain measure- 
ment), and strain indication with brit- 
tle coatings. 

The chapter on transducers de- 
scribes circuitry and application of load 
cells, accelerometers, pressure pickups, 
and displacement indicators. 


Spectroscopists See This 


Mo.ecutar Visration. E. Bright 
Wilson, Jr., Harvard University, 
]. C. Decius, Oregon State College, 
and Paul C. Cross, University of 
Washington, 6 by 9 in., 388 pp. 
Published by McGraw-Hill Book 
Co., Inc., 330 W. 42nd Street, New 
York 36, N. Y. $8.50. 


This work covers thoroughly the 
theory of the vibrations of polyatomic 
molecules and the application of this 
theory to the interpretation of infrared 


and Raman spectra. The theory is de- | 


veloped from its simplest form and 
advanced to the more elaborate theo- 
rems useful in complex applications. 
Mathematics is at the graduate level. 
The text explains some powerful new 
techniques, such as matrix algebra and 
group theory. The derivations are com- 
plete and prepare the student not only 
to use the technique in analysis, but 


| 


McGRAW-HILL 
TECHNICAL WRITING SERVICE 


WRITES + EDITS 
ILLUSTRATES 
PRINTS 


YOUR publications ... 
to YOUR specifications 


TWS relieves you of all or 
any of the many problems 
encountered in the produc- 
tion of your... 


EQUIPMENT MANUALS - HANDBOOKS 
PRODUCT CATALOGS-TRAINING AIDS 
PAMPHLETS — REPORTS — BROCHURES 
COMPANY HISTORIES — PARTS LISTS 


150 


WRITERS — EDITORS — ARTISTS 
ARE AT YOUR SERVICE 


WRITE: 
Project Consultant 
TWS—McGraw-Hill 
330 W. 42 St. NYC 36 
Phone: LOngacre 4-3000 











LATEST 
ON 


COMPUTERS 


ARITHMETIC OPERATIONS 
IN DIGITAL COMPUTERS 


by R. K. Richards, Ph.D. 
IBM Engineering Laboratories 


Here is information on practically all 
aspects of the digital computer field. 
From functioning to programming the 
treatment of material is unique. The 
book begins with a thorough discussion 
of the system of symbols used, a clear 
explanation of Boolean Algebra applied 
to computer operations and switching 
networks. Principles, rather than me- 
chanics, are stressed here to apply to 
any type of machine. 


384 pages, $7.50 


Send for this new book today: 


D. VAN NOSTRAND COMPANY, INC. (CE) 
250 4th Ave., New York 3, N. Y. 
Send me copy(ies) of ARITHMETIC OPERA- 
TIONS IN DIGITAL COMPUTORS @ $7.50. | en- 
(Check or M.0.) 











NEW BOOKS | 


to adapt them to new problems. 

This is the only book in this field 
suitable for use as a text. It includes a 
thorough presentation of many tech- 
niques which have hitherto appeared 
only as scattered references in the sci- 
entific literature. 


Sound Transistor Principles 


TRANSISTOR Aupio AMPLIFIERS. 
Richard F. Shea, General Electric 
Co., Syracuse, New York, 6 by 9 in., 
219 pp. Published by John W iley 
& Sons, Inc., 440 Fourth Avenue, 
New York 16, N. Y. $6.50. 


Written for the engineer familiar 


with vacuum tube circuits but who | 


views the application of transistors 
with trepidation, this book presents 
the fundamentals of transistor applica- 
tion in audio amplifier circuits. Some 
network theory is included preliminary 
to specific design material. 

Mathematical treatment is kept 
fairly light throughout to make the 
book still more palatable. Many refer- 
ences and a generous bibliography are 
included, however, for those who 
would investigate any phase of the 
work more deeply. 

Chapter titles include: Fundamen- 
tal Considerations; Transistor Param- 
eters; Basic Amplifier Design; Coupled 
Stages; Preamplifiers; Class A Power 
Amplifiers; Class B Power Amplifiers; 
and Examples of Practical Amplifier 
Design. 

The chapter on transistor parameters 
includes data on the variation of 
parameters with operating point, with 
temperature, and between units. These 
data are interpreted in terms of varia- 
tions in input and output resistances 
and power gain, to make the reader 
fully aware of the limitations imposed 
by these variable factors. 

The same chapter includes a 50- 
page “handbook” of characteristics of 
22 transistor tvpes made by five manu- 
facturers. These specifications are so 
presented as to be used readily with 
the design methods described. 


FEEDBACK FACT 


Posed: Some way to automate lingerie. 


Solved: Lovable Brassiere Company is 
doing it with some special electronic 
trimming devices which it has rigged 
up on a bevy of Singer Sewing Ma- 
chines. 


MAG Me 
without power 
contrdl by the 


*Blip — Reflected 
Radar Signal 


double delayed reset 


time delay relay 


TEMPERATURE 
RECORDING... 


Newly designed, Model ’’1000” 
Auto-Lite Recorder gives per- 
manent proof of temperature 
behavior. @ 6” clear reading 
chart; various standard ranges 
from minus 40°F.to plus 550 °F. 
e@ 3 standard types; choice of 
24-hr. or 7-day cycle. @ Elec- 
tric or mechanical chart drive. 
e With capillary tubing for 
remote reading. Priced from 
$49.50. 

Send for new catalog describ- 
ing many styles of Auto-Lite 
temperature Recorders and In- 
dicators. 


tll Res 
| Costly and sponse While Prevel 


ter 


entin 
F o7gerous Tipe Dales | 


| To Prbvide F. 


=a 
LENGTH OF ines. Joo ial 
INTERRUPTION = wy gy? 

INUTES 


This Time Delay Relay is used to delay ap- 
plication of plate power to vacuum tubes until 
filaments reach operating temperature. It pro- 
vides maximum reset rate with minimum 
“time-out”. — Eliminates danger of costly 
tube damage. — Provides faster response. 
Send for information about this Time Delay 
Relay and other special cost-saving timing 
devices. 


WHEN TIMING POSES A PROBLEM CONSULT 


“A.W-HAYDON 


COMPANY 


246 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design ond Monufecture of Electro-Mechanical Timing Devices 





Model “1000” 
= 


THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 


TOLEDO 1, OHIO 
NEW YORK ¢ CHICAGO « SARNIA, ONTARIO 








BELL AIRCRAFT CORP. 


has 


Immediate Openings 


for 
SERVOMECHANISMS 
and 
ELECTRONICS ENGINEERS 


... to meet the challenge of designing and 
developing automatic control systems for 
guided missiles. Our progress in Inertial 
Guidance requires Experienced Engineers. 


ELECTRONIC DEVELOPMENT ENGINEERS — Design and 
develop electronic components for use in inertial guidance — pre- 
Cise integrators, accelerometers, computers, feedback amplifiers, 
instrument servos, etc. 


MAGNETIC AMPLIFIER SPECIALIST* — Develop magnetic 
amplifier for specific purposes in inertial guidance. 


TRANSISTOR APPLICATION ENGINEER* — Applications in 
development of special circuits for high performance components. 


DIGITAL COMPUTER DEVELOPMENT ENGINEER*® — Appli- 
cation of techniques to improve performance of accelerometers, 
integrators and other computing elements. 


*These positions will be similar to the 
Electronic Development Engineer with 
specific duties as indicated. 


SERVO SYSTEM ENGINEER — Analyze, design and develop 
complete systems for inertial guidance, with the help of a team of 
specialists. 


SERVO VALVE DEVELOPMENT ENGINEERS — Design and 


develop high performance servo valves for autopilots in special 
aircraft, helicopters, and missiles. 


Send Complete Resume to: 
Manager, Engineering Personnel 


el UL 


WICH CORPORATION 








Post Office Box 1 Buffalo 5, N. Y. 
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continued from page 11 


DR. NICOLAI MINORSKY 
pioneered control theory 


The success of the trials, gratifying 
in itself, confirmed Dr. Minorsky’s 
theoretical conclusions on two ex- 
tremely significant points: 
> The analysis of small oscillations 
gave sufficiently correct insight into 
the physical manifestation of higher 
time-derivative control actions. 

P It became possible to approach tfa- 
tionally the quantitative analysis of 
control problems. 

The same considerations were ap- 
plied later (1938-1940) by him to the 
control problem of anti-rolling  sta- 
bilization of a destroyer. Although 
this work passed successfully through 
a series of preliminary tests, he could 
not complete it because of the war. 
Thwarted by unpredictable Navy de- 
cisions, he has since concentrated on 
the theory of non-linear oscillations. 

For his work as Special Consultant 
and Assistant to Technical Director, 
David Taylor Model Basin (1940- 
1946), the Navy gave Dr. Minorsky 
the Meritorious Civilian Service 
Award in 1946. His book, “Introduc- 
tion to Non-Linear Mechanics,” was 
published the same year. Following 
this, he became a professor at Stan- 
ford University and supervisor of the 
non-linear mechanics project under 
the authority of the Office of Naval 
Research. During this period he in- 
vestigated further the theory of para- 
sitic oscillations in control svstems on 
the basis of difference-differential 
equations. These theoretical predic- 
tions found experimental confirma 
tion by means of an electronic analog 
he built and were also later confirmed 
by wind tunnel tests. 

His health affected by manv vears of 
strenuous work, he and his wife re- 
tired in 1949 to their old farm at Aix- 
en-Provence, France. Since then, Lear, 
Inc. has retained him as a consulting 
physicist in connection with flight 
controls and servos. 

Under contract to Stanford Univer- 
sity, he is preparing the second edition 
of his 1946 book on the theory of non- 
linear oscillations. Of it he savs, “This 
is a gigantic task, as in these 7-8 years 
science has made such huge progress 
that in many chapters one has to start 
‘from a scratch.’ However, about 300 
pages are written already—perhaps I 
am just about in the middle of the 
work.” Last year he spent seven 
months in the U.S. and in the fall 
gave a series of lectures in Italy. He 
admits, however, that one approach- 
ing seventy is glad to get back to the 
farm. 





WHAT'S NEW ABSTRACTS 


Pulses Are Quickening 


From “‘The Hot-W ire Anemometer 
in Supersonic Flow,” National Bu- 
reau of Standards, Summary Tech- 
nical Report. 


(he hot-wire anemometer—a very 
fine electrically heated wire whose 
resistance changes with air cooling— 
has been widely used in wind-tunnel 
studies of turbulence in the subsonic 
range. 

l'o extend the range of the hot- 
wire anemometer into the supersonic 
region, the National Bureau of Stand- 
ards recently made a study of the be- 
havior characteristics of this instru- 
ment at air speeds up to twice the 
speed of sound (See “Heat-loss 
characteristics of hot-wire anemo- 
meters at various densities in tran- 
sonic and supersonic flow,” by W. G. 
Spangenberg, NACA _ Technical 
Note). 

The hot-wire anemometer’s high 
response to rapid variations in velo- 
city has made it useful in measuring 
turbulence at low subsonic speeds in 
terms of magnitude and frequency of 
velocity fluctuations. At high sub- 
sonic and supersonic speeds the fre- 
quency range must be extended from 
about 10,000 to about 100,000 cps. 
Also, because of compressibility effects 
and the large amounts of power ex- 
pended in supersonic wind tunnels, 
fluctuations of density and tempera- 
ture occur along with velocity fluctua- 
tions. These factors contribute in one 
way or another to the aerodynamic 
behavior of a model in a supersonic 
wind tunnel, and to a degree yet un- 
known, to the behavior of bodies in 
flight. The object of the NBS inves- 
tigation was to determine the response 
characteristics of the hot-wire ane- 
mometer to all of the known vari- 
ables associated with turbulence at 
high speeds. 

Because of the high frequencies 
anticipated at supersonic speeds, wires 
as small as 0.00005 in. in diameter 
were studied. The wires were made 
of platinum, tungsten, and platinum- 
rhodium; their diameters ranged from 
0.00005 to 0.0015 in. 

The bureau experimented with 
several types of hot-wire probes in an 
effort to find a design sufficiently 
rigid to withstand the stresses and 


vibrational forces encountered in the 
transonic speed region and during the 
passage of the shock wave produced 
by starting and stopping the tunnel. 
In the design finally adopted, the 
heated wire was attached to the ends 
of two honed sewing needles, 0.018 
in. in diam, butt-brazed to electrical 
leads embedded in hard rubber. To 
minimize the end-loss correction, the 
needles were usually spaced for a 
wire about 3 mm long. 

It was found that wire diameter 
and air density are effectively equiv- 
alent variables, but that velocity and 
Mach number (whose effects could 
not be separated) influence the heat 
loss entirely differently. When density 
and wire diameter were held constant, 
an increasing Mach number was ac- 
companied by a decreasing sensitiv- 
ity to velocity change. In fact, this 
sensitivity actually became negative 
under certain conditions as the speed 
of sound was approached in the sub- 
sonic region. These Mach number 
effects were less at supersonic speeds, 
and tended to disappear as a Mach 
number of 2 was approached. How- 
ever, no data were obtained above 
this speed. 

It was found also that the heat 
loss does not vary directly as the tem- 
perature difference between the wire 
and the air. The heat loss per degree 
may either increase or decrease with 
temperature loading, depending upon 
air density, Mach number, and wire 
temperature and diameter. Wires in- 
clined to the wind direction showed 
heat losses dependent upon the com 
ponent of velocity normal to the wire. 
They displayed supersonic character- 
istics in a supersonic stream only 
when this normal component was 
supersonic. 


Controls for the Atom 


From “Nuclear Reactor Control,” 
by J. M. Harrer, Argonne National 
Laboratory, Lemont, IIl., “‘Electri- 
cal Engineering,” March, 1955. 


Neutron density is the primary 
measure of reactor power because a 
production of about 7.5 x 10” neu- 
trons per sec result in a watt. The 
three basic conditions which deter- 
mine neutron density are: 
> Subcritical where neutron produc- 


METER-RELAYS 


For Sensitive and Accurate Control 
RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
any point on 
the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 

contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
2%, 3% and 412 inches (all rectangular). 
Two ruggedized and sealed models, 
2% and 3'2 inches (round metal cases). 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 

Suggested circuits for meter-relays and com- 
plete specifications including prices are cov- 
ered in new 16-page Bulletin G-6, which you 


can get by writing Assembly Products, Inc 
Chesterland 22. Ohio. 





Model 261-C Range 0/200 DC 
Microamperes......Price $33.00 


DAYTRONIC 


LOAD TRANSDUCERS 


for Measurement of 


WEIGHT, FORCE, 
STRESS 


Transducers 
Series 140 and 141 


Extremely occurate differential transformer-prov 
ing ring offers exceptional ruggedness and long 
term stability. Ranges from 5 Ibs. to 100,000 Ibs., 
tension or compression. Static and dynamic re 
sponse. Widely used in a variety of industrial and 
scientific measurement and control applications. 





=O 


Used with Daytronic 
and other differen- 
tial transformer 
transducers. 
Sensitivity to 10°* inches 

Linearity 1% or better. Re 

peatability 2% or better. 

Stabilized low drift circuitry 

Provide regulated excitation 

voltage for transducers. Out- 

puts for recorders or oscillo 

graphs. Also available with 

adjustable Contact Meter and 

output reloys for automatic 

control and alarm uses. 


Indicating 
Amplifiers 





£ For complete specifications write: 


wal a qtionic 


216 SOUTH MAIN ST. * DAYTON 2, OHIO 


ALSO AVAILABLE—Specialized Transducers, 
calibrating equipment, limit controls and 

complete systems engineering services > 
— 
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C.D.C. offers excellent and stim- 
ulating career opportunities for 
qualified Electronic and Instru- 
mentation Engineers with expe- 
rience in the following fields; 


AVIATION ELECTRONICS 
AIRBORNE INSTRUMENTA- 
TION and flight testing 
RADAR 
SEMI-CONDUCTORS 
DIGITAL COMPUTERS 
ANALOG COMPUTERS 
GUIDED MISSILES 


At C.D.C. you will work 
in the congenial atmos- 
phere of a cheerful team 
doing creative work. 


OTTAWA is situated in 
a delightful valley. Good 
houses and apartments 
readily available at mod- 
est price. 


Assistance in removal ex- 
pense is offered. 


Please write for applica- 
tion forms or send a 
resume of your education 
and experience to; 


PERSONNEL MANAGER, 


Computing Devices 
of Canada Limited 
P. O. Box 508, Ottawa, Canada 


}] DEVICES 


OF CANADA LIMITED 


ABSTRACTS 


tion is less than absorption plus leak- 
age of neutrons 

> Critical where neutron production 
equals absorption plus leakage 

> Supercritical where neutron produc- 
tion exceeds absorption plus leakage 

These conditions can exist at any 
neutron density from a microwatt up 
to a design power maximum in mega- 
watts. To give continuous instrumen- 
tation a suitable neutron-producing 
source such as a few grams of radium 
in close proximity to beryllium has 
been designed into the reactor. This 
source is so located that, to reach the 
instruments, the neutrons pass 
through the reactor core which con- 
tains the fissionable material. 

The basic method of control does 
not vary. For subcritical, a constant 
neutron density in the reactor will 
be reached, which will increase only 
if (1) fissionable material is added 
(to increase neutron production); 
(2) reflecting material, or alternately 
moderator material, is added (to re- 
duce neutron leakage); (3) built-in 
absorber material (such as cadmium 
or boron) is removed. 

To change neutron density, change 
production, absorption, or leakage. 

In the critical condition neutron 
density will rise at a constant rate 
depending upon the number of neu- 
trons injected per unit time by the 
source. If the source is removed, 
neutron density will remain constant. 

The supercritical condition is 
shown by an exponential rise in neu- 
tron density. These conditions in the 
reactor are designated by the quan- 
tity k, which is the number of neu- 
trons produced for each neutron 
absorbed in fission. For example, sub- 
critically, k is less than |. Further 
taking (k-1) obtains the control para- 
meter 8k called reactivity that the 
control engineer uses continuously. 
The units of this quantity are neu- 
trons per neutron so it is dimension- 
less. 


NEUTRON DETECTORS 


Neutron detectors have conducting 
electrodes, electrically insulated, sur- 
rounded by a gas as helium. The elec- 
trodes can be coated with a neutron 
absorber (e.g., boron) which gives 
off alpha rays to ionize the gas atmos- 
phere when neutrons are captured. 
Alternately, the chamber can be filled 
with boron trifluoride gas and can 


311 RICHMOND ROAD 


have uncoated plates, giving the same 
OTTAWA, CANADA 


| alpha ionization effect right in the 
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gas. With a potential applied to the 
electrodes, an electric current will re- 
sult proportional to the gas ioniza- 
tion. This current is, therefore, pro- 
portional to the neutron density at 
the chamber. If the chamber has 
been placed strategically, the current 
is proportional to neutron density in 
the reactor. 


NEUTRON DENSITY CONTROL 


Many ingenious ideas have been 
presented for reactor control, very 
few of which have been tried, and 
this is certainly one way that engi- 
neers can contribute to practical re- 
actor development. In the end, me- 
chanical rod movement inside the 
core usually is used. 

The kinetics of the rods for good 
reactor control is different for every 
reactor type. However, certain gen- 
eral specifications which must be 
met for all reactors using mechanical 
rods can easily be drawn up: 
® The rods must be able to increase 
or decrease reactivity at rates of 
about 10° 8k per second. A typical 
mechanical control speed correspond- 
ing to this 5k-per-sec figure would be 
about 0.1 in. per sec. Variable speeds 
to increase this rate five to ten times 
are convenient. 
® The rods must move rapidly with 
at least a net acceleration of gravity 
to reduce reactivity and stop the re- 
action in emergencies. Because of 
friction and the possibility of stick- 
ing, some kind of spring usually is 
provided to make this “scram” very 
certain. 
® Rods should remain stationary at 
any position to which they are moved 
by the mechanism. They should not 
drift or vibrate to any extent under 
the effect of mechanical forces acting 
on them due to the circulation of 
coolant in the reactor. 
© Accurate measurement of position 
should be possible at a remote point 
convenient for the operator. 


High-gain Strategies 


From “Gain Measurements on 
Computing Amplifiers,” by A. B. 
Johnson, Saunders Roe, Ltd., “Elec- 
tronic Engineering,” March, 1955, 
London 


The internal gain of a computing 
amplifier determines its computing 
accuracy, output impedance and input 
impedance. It also affects the decay 
time-constant of a “holding” inte- 
grator. It is easy to calculate the gain, 


If you are interested in guided missiles this book will interest you. 
Here is one of the most complete guides to job opportunities in the guided missile 
field yet published. In this book, you will find not only a complete outline of the 
objectives and accomplishments of the Bendix Guided Missile Section, but also a 


detailed background of the functions of the various engineering groups such as sys- 


tem analysis, guidance, telemetering, steering intelligence, component evaluation, 
missile testing, environmental testing, test equipment design, reliability, propulsion, 
and other important engineering operations. Send for your free copy today. 


D3 challenging opportunities 


in the newest and fastest erowing 
branch of the aviation industry 
are now open! 


Bendix job opportunities in guided missiles range from top senior engineers 
to assistant engineers, junior engineers, technicians, and a score of other 
assignments. 

Qualified men are given real job responsibility with Bendix and grow 
with the development of what is not only the nation’s most important weapon 
system, but a project that will undoubtedly lead to new and important long- 
range commercial applications. 

And at Bendix you will be associated with top missile authorities and 
have at your command unexcelled engineering and manufacturing facilities. 

If you are interested in a future in guided missiles, the first step is to fill 
out the coupon and mail it to us today. 


Missile Section, Employment 
Department N Nome 
Bendix Products Division, 


Bendix Aviation Corporation 


401 North Bendix Drive, 
South Bend, Indiana City 


Address 


Please send me a copy 
of the book “Your Future 
in Guided Missiles.” 


State 
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low cost 


+. inventory 
... installation 
+++ Maintenance 


miniature 


... for space economy 


maximum circuit flexibility 
... more than 145 electrical arrangements 
ET Se aT AN NET 


An entirely new concept in automatic time interval control, 
Atcotrol is designed to be the standard in its field. 
Requires but one clearance hole for mounting. Atcotrol 
timer can be demounted from panel in 2 seconds without 
tools. Completely serviced with a screwdriver. Either reset 
or stop on power failure. Motor, clutch and reset operation 
visible from front. Instantaneous reset. No pointer rebound. 
Built to NEMA standards. Conservatively rated at 10 amps. 
Repeat accuracy within .1 of 1%. Many other new and ex- 
clusive features. 
Write for complete information. 
Trial unit available to 0.e.m.’s. 
Automatic Temperature Control Company 
5242 Pulaski Ave., Philadelphia 44, Pa. 
Represented in Canada by: Powerlite Devices, Ltd., Toronto, Montreal 


ATCOTROL 


RESET TIMERS 


ELECTRICAL ENGINEERS 
PHYSICISTS 
TECHNICAL WRITERS 
CONTRACT ADMINISTRATORS 
MATHEMATICIANS 


I. you have a background in electronics, there is a 
good job waiting for you in the fastest growing firm in 
America’s fastest growing technological field. 


At Remington Rand's ERA Division you can participate 
in the further development of the famous ERA 1102 Com- 
puter, the new Univac File Computer, and special new 
developments in data-handling, communications, and in- 
strumentation. 


Pay, special benefits, and opportunities for advance- 
ment are excellent. 


Send a resume 
of your training and experience to: 


REMINGTON RAND Inc. 


ENGINEERING RESEARCH ASSOCIATES DIVISION 
1902 W. Minnehaha Avenue St. Paul W4, Minnesota 
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ABSTRACTS 


but since large errors are likely, meas 
urement is better. 

It’s not easy to measure this gain 
since most amplifiers cannot be op- 
erated without negative feedback. 
An amplifier with an internal gain of 
10° and a short-term drift of 1 milli- 
volt might produce an output noise 
level of 100 volts and overload the 
output stage before any test signal 
could be applied. 

Methods of measurement can be 
divided roughly into two classes: di 
rect, where the amplifier is effectively 
working without feedback; indirect, 
where the drift output is small because 
of negative feedback and the gain is 
deduced from some property of the 
experimental arrangement. 

The best method depends upon 
the gain and drift, and if these are 
both low enough to permit the ampli- 
fier to work without feedback, meas 
urement is quite simple. 

Direct methods of gain measure- 
ment include: 

P Introduction of ac couplings 

Drift noise is reduced by tempo 
rarily replacing one or more direct 
couplings within the amplifier with 
ac couplings 
> Feedback at dc only 

A low-pass filter in the feedback 
path provides full feedback at de, and 
full gain at some high measurement 
frequency 
> Grid voltage measurement 

Comparison of grid voltage with 
input voltage will give gain, if grid 
is fed through a series resistor equal to 
feedback resistor. 

Indirect methods include 
> Computation error 

Ratio of output to input voltage 
is compared with ratio of series and 
feedback resistors. Good only for 
fairly low gains. 
> Grid terminal impedance 

By shunting the grid with lower 
and lower resistors until the output 
is reduced to half, the gain becomes 
equal to the ratio of the feedback 
resistor to the grid shunt resistor. 

P Integrator decay time constant 

Taking account of leakage in the 
capacitor, the decay time constant of 
an integrator is directly a fnction 
of amplifier gain. 
> Output impedance 

Amplifier output impedance is in- 
directly proportional to gain. 

Increasing the output impedance 
artificially by adding external resist- 
ance allows accurate measurement of 
gain. 





APRIL 


American Society of Mechanical En- 
gineers, Instruments and Regulators 
Conference, Ann Arbor, Mich. 

Apr. 25-26 

Southern Methodist University, De- 
partment of Electrical Engineering, 
Third Annual Southwest Confer- 
ence on Feedback Control Systems, 
Southern Methodist University, 
Dallas, ‘Texas. Apr. 28-29 


MAY 


Instrument Society of America, First 
National Flight Test Instrumenta- 
tion Symposium, Allis Hotel, Wich- 
ita, Kans. May 3-5 

Institute of Radio Engineers, National 
Conference on Aeronautical Elec- 
tronics, Biltmore Hotel, Dayton. 
Ohio. May 9-11 


WHAT'S AHEAD: MEETINGS 


Engineering Symposium — ‘“Automa- 
tion-Engineering for ‘Tomorrow,’ 
Michigan State College, East Lans- 
ing, Mich. May 12-14 

American Institute of Electrical En- 
gineers, National ‘l’elemetering Con- 
ference, Chicago. May 18-20 


JUNE 


Human Engineering Institute, Course 
in Human Engineering, Dunlap 
and Associates, Inc., Stamford, 
Conn. June 6-10 

Society of Automotive Engineers, 
Golden Anniversary Summer Meet- 
ing. Atlantic City. June 12-17 

American Society of Mechanical En- 
gineers, Combustion Conference, 
IRD Session on Control of Indus- 
trial Furnaces, Massachusetts Insti- 
tute of Technology, Cambridge. 


Mass. June 15-17 


American Society of Mechanical En- 
gineers, Diamond Jubilee Semi- 
Annual Meeting, IRD Session on 
Thermodynamics, Hotel Statler, 
Boston, Mass. June 19-23 

American Institute of Electrical En- 
gineers, Summer General Meeting, 
New Ocean House, Swampscott, 
Mass. June 27-July 1 


AUGUST 


Stanford Research Institute and Na- 
tional Industrial Conference Board, 
Symposium on Electronics and Au- 
tomatic Production, Civic Auditor- 
ium, San Francisco, Calif. 

Aug. 

Western Electronics Show and Con- 
vention, San Francisco Civic Audi- 
torium, San Francisco. Aug. 24-26 


ontal Cases te lOO00 P&S | 


VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION js yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 


VicIOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods; 
blasting nozzles; cobalt & tungsten castings. 


844 FOLSOM ST. * SAN FRANCISCO 7 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates. 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 





GAS-0-DOME 
SERIES 


DELIVERY 
RANGE (p.s.i.) 


SPECIAL FEATURES 


GASES HANDLED 





GD 30 
GD 31 


0-2500 
0-3600 





High Delivery Flow Rates. 
Accurate Valve Control. 


Air 





GD 61B 
GD 62B 


0-2500- 
0-3600 





Excellent Capacity. Compact — 
Tee & x G" x 6". 
—87> 10-4160" F Range, 





GD 80 
GD 81 


0-5000 
0-10000 





Accurate Valve Control. 
—67° to +160° F. Range. 


Argon 

Helium 
Hydrogen 
Nitrogen 
Oxygen 
—and others 








GD 10 0-500 


Self-Relieving Pilot Regulator | 
Control. High Flow Rates. 


non-corrosive to 
bronze and 
stainless steel. 





SR 10 0-1000 


High Pressure, Low Flow. Com- | 
pact—4 lb. —2” x 6” x 6”. 





SR 100 0-30 & 


0-40 


21 











Corrosion Resistant. 


Ammonia (wet or dry) 
Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 
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New Ads Received by May 4th 


The Classified Advertising Section of CONTROL encineerinc 


EMPLOYMENT: 
BUSINESS: 


UNDISPLAYED 


$1.50 per line, minimum 3 lines. To figure 
advance payment count 5 average words 
as a line 


Position Wanted undisplayed rate is one- 
half of above rate, payable in advance. 


Box Numbers count as one additional line. 


Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 


“OPPORTUNITIES” 


—RATES— 


:EQUIPMENT 
:USED OR RESALE 


DISPLAYED 


Equipment Wanted or For Sale Advertise- 
ments acceptable only in Displayed Style. 

Individual Spaces with border rules for 
prom.nent dispicy of advertisements. 

Advertising rate is $14.00 per inch. 
Contract rates on request. 

Advertising inch measures 7g" vertically 
on one col., 3 col.—10’°—to a page. 


EMPLOYMENT ADVERTISING 
New Employment Opportunities Section for 
Displayed ads starting July issue. For fur- 
ther details see announcement ad in this 
section. 


at the New York office, 330 W. 42nd St., New York 36, N. Y., will 


appear in the June issue subject to limitations of space available. 





UNUSUAL CREATIVE FREEDOM 


AVIATION RESEARCH 
LABORATORIES DIV. 


+ BENAIX 


@ The center of advanced 
development activities for the 
Bendix Aviation Corporation 
offering excellent opportunities 
in design, research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cians in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
a system Analysis of systems and 
applications. 


MACHINE DESIGNERS 

Design of automatic machine tools, 
machine tool hydraulic servos, and 
digitally controlled tools. 


CONTROLS ENGINEERS 
Analyse and synthesize control 


system and design, develop and 
package such systems. 


COMPUTER ENGINEERS 
Development of special purpose 

digital and analog computers for 

process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
sis of numerically controlled machine 
tools. 


© Staff will participate in the initial 
exploration of new flelds and the 
development of new commercial 
products. 


All replies confidential — 
send brief resume to: 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4855 Fourth Avenue ¢ Detroit 1, Mich. 





ENGINEERS 


The APPLIED PHYSICS LABORATORY OF THE 
JOHNS HOPKINS UNIVERSITY offers an ex- 
ceptional opportunity for professional advance- 
ment in a well-established laboratory with a 
reputation for the encouragement of individual 
responsibility and self-direction. Our program 
of 


GUIDED MISSILE 
DEVELOPMENT 


provides such an opportunity for men 
qualified in: 
ELECTRONIC CIRCUIT DESIGN AND 
ANALYSIS 


DEVELOPMENT AND APPLICATION OF 
TRANSITOR CIRCUITRY 


SERVOMECHANISMS AND CONTROL 
SYSTEM ANALYSIS 


ELECTRONIC EQUIPMENT PACKAGING 
INSTRUMENT DESIGN 

MISSILE SYSTEMS DEVELOPMENT 
FLIGHT TESTING 


Please Send your resume to 
Professional Staff Appointments 


APPLIED PHYSICS LABORATORY 


THE JOHNS HOPKINS UNIVERSITY 
8621 Georgia Avenue 
Silver Spring, Maryland 








Engineers and Physicists 
M.S.or Ph.D 


Senior engineers and physicists with excellent 
grounding in fundamentals of both analytical and 
laboratory research and development are needed for 
new activities in computers, automatic controls, and 
electromechanical design. 


Men with versatility and leadership ability will be 
offered the opportunity to develop research 
along the lines of their own experience an 
within the — scope of activities possible in an in- 





Write 


S. J. Keane, Physics Department 
Southwest Research Institute 
8500 Culebra Road San Antonio, Texas 








Territories Available for 


MANUFACTURERS’ REPRESENTATIVES 


The following territories are open for recognized 
reliable sales representatives to handle hydraulic 
servo-systems. Must be capable of servo-analysis. 


TERRITORIES 
. New England 6. 
. New York 7. 


1 Seattle 
2 

3. Baltimore-Philadelphia 8. 
4 

5 


Los Angeles 
Dallas 
Detroit 
Canada 


. Cleveland 9. 
. Chicago 10. 
In complete confidence ~~ - rca qualifications, 
background, lines carried t 


RW-6089, Control Engineering 
330 West 42nd St. New York 36, N. Y. 








ATTENTION 
EMPLOYMENT ADVERTISERS 


Effective with the July issue, a new section 
will start in Control Engineering. We will head 
this section: EMPLOYMENT OPPORTUNITIES. 
All Displayed Employment Opportunity ad- 
vertising will be placed in this new section, 
with the exception of those advertisers who 
contract for run-of-book position. Advertis- 
ing in the EMPLOYMENT OPPORTUNITIES sec- 
tion will be billed at the new rates which go 
into effect with the July issue on all Displayed 
Employment advertising. Contract rates 
furnished on request. Ads are subject to 
Agency Commission. 
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Enjoy 
These Advantages! 


In addition to paid vacations, liberal pension 
plans and numerous other valuable health and 
hospitalization benefits for you and your family, 
we provide cooperative educational aid at one 
of the many technical schools in the Philadel- 
phia area for qualified applicants who find our 
center an ideal work-shop in which to secure the 
desired recognition in their chosen fields. 


Your family, too, is important! And, here at 
Paoli, a delightful suburban community, thirty 
minutes from Philadelphia, you will find the 
cultural atmosphere as well as the educational 
facilities required for your children. 


We will pay travel expenses for all applicants 
invited to visit our NEW Research Center to 
‘consider the application of their educational 
and/or work background to the many challeng- 
ing problems we are engaged in for industry 
and the nation’s welfare. 


If you want the BEST for yourself and your 
family, consider NOW your qualifications for 
the openings listed on the right and — 


Write L. E. DICK, Personnel Manager 
BURROUGHS RESEARCH CENTER 
Paoli, Pa. 


Located on he 


PHILADELPHIA’S 
“MAIN LINE” 
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Research Center, Paoli, Pa. 
Grits Gou 


To Inspect Its Openings on Both 


Commercial & Sponsored Projects 


If you possess an educational and/or work background in 
Communications, Data Handling, Electronic, or Electro- 
Mechanical Business Machines...including such specifics 
as High Speed Mechanisms, Paper Handling Devices, 
Magnetic-Tape Transport Mechanisms, Magnetic-Drum 
or Tape Applications, Radar, Telemetering, Guided Mis- 
siles, Process Control Instrumentation, Digital and Ana- 
log Computers, Transistor and Magnetic Circuit Design 
and Analysis, Magnetic Amplifiers, Servo Mechanisms, 
and Electronic Packaging Design . . . 


CONSIDER THESE OPENINGS AS 
@ ELECTRICAL ENGINEERS; Junior & Senior 
@ MECHANICAL ENGINEERS; Junior & Senior 
@ LOGICAL DESIGNERS e@ PHYSICISTS 

@ PROJECT ENGINEERS 


e SALES ENGINEERS to sell E-101 electronic desk 


computers in all sections of the country. Sales & Technical 
experience in allied lines desirable. 
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DESIGNERS-DRAFTSMEN 


Electronic 


ENGINEERS 


Mechanical 
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LTA eboratorian 
| Vf} 1) opportunities 
WAL projects 


Network Theory 
Systems 
Evaluation 
Automation 
Microwave 
Technique 
UHF, VHF or 
SHF Receivers 
Analog 
Computers 
Digital 
Computers 
Magnetic Tape 
Handling 
Equipment 


Radar & 
Countermeasures 
Packaging Elec- 
tronic Equipment 
Pulse Circuitry 
Microwave 
Filters 

Flight 
Simulators 
Servomechanisms 
Subminiaturiza- 
tion 

Electro- 
Mechanical 
Design 


® Quality Control & Test Engineers 


What’s NEW ot neni 


Melpar has just opened its new plant at Falls 
Church, Virginia, in a beautiful suburban 
location. We have also moved to larger 
quarters at Watertown, Mass., and opened 
a@ new research department at Cambridge, 
Mass. 


Melpar’s continued expansion offers new 
career opportunities for individual growth 
and recognition. Men of vision and imagina- 
tion who plan for the future are quick to 
sense the potential with this growing, 
dynamic organization. 








Continued leadership in electronic research 
and development is reflected in our current 
group of projects with long-range military 
and industrial application. 


For personal interview send resume to 
Technical Personnel Representative, 


(M) melpar, inc. 


hoot dt Seah 
S diary of Westing 





3000 Arlington Bivd., Dept. CE-9 
Falls Church, Virginia 
or 11 Galen St., Watertown, Mass. 


Creative Engineering 
Opportunities with Republic 


Research 


Vibration Engineer 


Two to five years aircraft vibration experience re- 
quired. Shock and vibration theory and a practical 
knowledge of electromechanical shaker application as 
used in experimental research testing of complete air- 
frames for flutter analyses and component investigation 
essential. Familiarity with usage of accessory electronic 
instrumentation equipment desired. Graduate with M.E. 
or A.E. degree preferred. 


eeeeeeeeesee 


Please address complete resume, 
outlining details of your 
technical background, to: 

Mr. R. L. Bortner 

Administrative Engineer 


SIE PULA AVIATZIa'y 
FARMINGDALE, LONG ISLAND, NEW YORK 


Air Brake Co. 


AWABVBARAAABABAAABABRAAAS™” 
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Your inquiry will have special value . . . 


LONG-RANGE, 
CONTINUING 
OPPORTUNITY 
FOR 
ELECTRICAL 
AND 
MECHANICAL 


ENGINEERS 


oy i” 


OPENINGS EXIST FOR 
COMPUTER ENGINEER 


Requiring an engineering degree in 
electrical engineering or math and 
physics, plus a minimum of three years 
of computer activity. To handle pro- 
gramming in the simulation and study 
of jet and reciprocating engine fuel sys- 
tems. Problems involved would be lin- 
ear and non-linear in nature and ap- 
plied to product design as well as 
research into basic phenomena. No 
maintenance ability necessary. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
on research and development of mag- 
netic amplifier circuitry, control systems, 
and component design and testing, su- 
pervising other engineers and techni- 
cians. 


LIQUID PROPELLANT 
ROCKET CONTROLS 
ENGINEER 


Mechanical or electrical engineer to 
supervise the research and develop- 
ment of liquid propellant rocket con- 
trols, systems design, component design, 
development, and testing. 


The salary of these positions 
will be determined by your 
ability and experience. 

Send detailed resume listing education, 


engineering experience, and salary re- 
quirements to: 


Technical Employment Department 
Box 255-CE 


Bendix Products Division of 


Bendix Aviation Corporation 
401 North Bendix Drive 
South Bend 20, Indiana 


if you mention this magazine, when writing advertisers. Naturally, the publisher 
will appreciate it . . . but, more important, it will identify you as one of the 
men the advertiser wants to reach with this message . . . and help to make pos- 
sible enlarged future service to you as a reader. 


We guarantee you 
an immediate reply. 
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IMMEDIATE DELIVERY 


SEND FOR LATEST CIRCULARS 
LISTING NEW ITEMS—NEW LOW PRICES 


WESTON TYPE 705 SENSITROL 


Operation is as follows: 

The stationary contact is a 

small powerful permanent 

magnet and movable contact 

is iron ‘‘rider’’ mounted on 

pointer which travels over 

relay scale. Operating 

torque moves pointer into 

magnetic field of stationary 

contact. This contact then 

draws movable contact and 

holds it firmly. Contacts re- 

main closed until reset. 

Will operate directly from a 

=R56! photocell or a group of 
thermocouples. Net weight 14 oz. 


Double contact with Solenoid Reset; Sensi- 
tivity 7.5 Microamps; Reset coil 6-24 VDC or 
24 VAC; Makes contact on increasing or de- 
creasing values; Contacts; ‘““Twintacts’’, Ca- 
pacity 100 ma at 110 volts; Nickel plated 
Brass cover; Weston Model 705 Type 6 
R560 ..18.75; 10 for 170.00 
Same as 2R560 but with glass face; Weston 
Model 705 Type 6 £R51.19.75; 10 for 180.00 
Single contact (Normally Open), Solenoid 
Sensitivity; 10 Microamperes; Reset 
6-24 V DC or 24 V AC; Contact: ‘“*Twin- 
. capacity 100 ma at 110 volts; Glass 
; Weston Model 705 Type 4 #R523.17.75 
10 for 160.00 
Same as =R523 with Brass Cover Weston 
Model 705 Type 4 #R523N............16.75 
10 for 150.00 


STEPPING SWITCHES 


Mfg by Western 
Electric, Auto- 
matic Electric 
Sales 
Minor Switch 
10 steps and off 

Contacts Gold 
plated brass; 
Bridging Wiper; 

Operating Volt- 
age 6.0 to 12.0 
Vv. DC 
Net Wt. 1 Ib. 


#R960; Single Level; Gto12 VDC. 
R975; Single Level; 24to 36 VDC. 

; Single Level; 48to60 VDC. 

; Two Level; 6 to 12 VDC. 

; Two Level; 24 to 36 VDC. 

Two Level; 48 to 60 VDC. 


est fm pu fh us 2D 
Wwe S 


by Western 

‘o.; 22 step; 

Bridging 
Wipers; Contacts: 

plated brass 
Interrupter Switch 
Break-Make; Net Weight: io 
“Homing” Type; Double-Ended Wipers; 
Step in One Direction 
#R926; 6to12VDC.. 
ZRYS80; 24 to 36 VDC. 
#RIS1; 48 to 60 VDC 
SS7 Mfg. by Western Electric Co.; 44 step; 
2 Levels; Bridging Wipers; Contacts: Gold 
plated brass; Interrupter Switch; 1 Break- 
Make; Net Weight 1 Ib. 14 oz, 
“Homing” Type; Double-Ended Wipers; 
Step in One Direction 
#R927; 6 to 12 VDC -75 12.00 
#RI82; 24 to 36 VDC.... 5.75 13.00 
#RI83; 48 to 60 VDC 14,00 
Production Quantities Available, 
Call Us for Prices. 


TERMS:—All Prices F.0.B. Our Plant. Rated Firms 
Net 10 Days; All Others Remittance with Order. 
Orders Under $10 Remittance With Order. Plus Ap- 
proximate Shipping Charges (overage will be re- 
turned.) Cable Address: UNIGENCOR, N. Y. 





324 CANAL ST., N.Y.C., 13, N.Y. Walker $-9642 
Unir a 


[SGI general corp. 
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problem: gravity 


Interested in it? So are we. For part of the advanced 
development program at Martin includes an over- 
all search into the basic laws of the universe — 
probing the unknown in any field that relates to 
airborne systems. 

Gravity is a personal problem to many creative 
engineers today: men who are lost in large engi- 
neering organizations; anchored to non-creative 
and futureless jobs. Ceiling Zero, Altitude Zero. 

If you are one of those, you’d do well to look 
into the Martin story. For exciting new long-range 
developments have created many exceptional op- 
portunities on projects of the highest priority and 
importance, 

Contact J. M. Hollyday, Dept. C-5, The Glenn 
L. Martin Company, Baltimore 3, Maryland. 


MVE ZA FET 8 Pe 


BALTIMORE +:- MARYLAND 


MAY 1955 
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NORTHAM 


HIGH RANGE 
PRESSURE 
TRANSDUCER 





A variable inductance instrument 
for the measurement of steady state 
and transient pressures in rocket and 
engine testin hydraulics research, 
and other app ications involving high 
pressure measurement and control. 
The pressure sensing diaphragm is 
integral with the body, providing 
high resistance to shock and vibra- 
tion. There are no other moving ele- 
ments. May be worked with non- 
corrosive liquids and gases. 

MODEL GP-8 yaya > 
Pressure Ranges: 0-200 to 0-5,000 psig 
Maximum Allowable Pressure:...Twice rated 

pressure range 
Accuracy: + 1% full scale 
Excitation Frequency: From 60 to 20,000 cps 
Natural Frequency: From 2,000 cps to 10,000 
cps depending on range 
Acceleration Response: Less than 1%/1,000 
g along most sensitive axis 

(range above 1,000 psi) 
less than 1%/1,000 g axial 

(all ranges) 

WRITE FOR BULLETIN NO. CE-8 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 
NORTHAM PRODUCTS INCLUDE... 
Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equipment for complete systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


2420 North Lake Avenue * Altadena, Calif. 











VHS* RELAY 


(*Very High Sensitivity) 


Model 266 | 


Sample specs. are: 
0.2 micro- 


amperes, (12,000 \*__ - 
ohms coil) or, 0.1 t 1 
millivolts, (5 ohms.) "UU! 


@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 

is gasket sealed. It can be opened and resealed. 

Connections: 9 pin octal style. Dimensions: 1% 

diameter x 2% long. Weight: 4 ounces. Sensitivity: 

Infinite variations from 0.2 Ua. to 10 Amp. or 

0.1 Mv. to 500 volts, self contained. Higher volts 

or amps with external multipliers. A.C. rectifier 

types. Trip point accuracies to 1%. Differential 

1%. The degree of resistance to shock and vibra- 

tion primarily depends upon sensitivity and type 

of action wanted. In general, the relays will not 

be permanently dam- t 

aged by shocks of 

100 G’s and vibra- 

tions up to 2,000 cps 

at 4 G’s.The most sen- 

sitive relays may close 

their contacts under 

these conditions. 

Contacts: SPST or 

SPDT, 5-25 Ma. D.C. 

Other ratings to 2 

Amp. A.C. A locking 

coil gives high pres- .---.. 

sure and chatter free .* i © 

contact under shock : ¢ An 

and vibration. ‘ ' 

Prices: $20 - $80. —- 

Delivery 4 to 6 weeks. 

Assembly Products, Inc., 

Chesterland 22, Ohio. 


Write for expianation of symbole 
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MINIATURIZATION 


plus 


PERFORMANCE 


multitutn 
| potentiometers, 








TIC, a leader in precision potentiometers, again sets the 
standard. New L1OS provides miniaturization for com- 
pact assemblies . . . without sacrificing performance. 


Designed to meet stringent military specifications — 
tested to MIL-E-5272A. Manufactured to extremely 
close mechanical tolerances — precision pilot .. . 
centerless ground shaft .. . precision ball bearings. 
Made for high electrical accuracy. Type L10S provides 
rugged construction . . .light weight. . . low torque 
...+ inherent stability ... and high resolution. 


Wide temperature and resistance ranges of miniature 
L10S provide greater versatility. Extend its application 
in servo systems ... computers... control... tele- 
metering . . . and measurement systems. Check the 
L1OS features. Then write for free brochure. 


ULTRA-LINEAR 
RUGGED 
HIGH TEMPERATURE. 


CHECK THESE 
FEATURES 


LINEARITY 

=0.05% standard; ~ 0.025%, special. 
TEMPERATURE RANGE 

—$35'C. t 130°C. 

RESISTANCE RANGE 

1000 ohms to 100,000 ohms. 

WEIGHT 


1 ounce. 
TORQUE 


Starting .75 in. oz., Running .60 in. oz. 





TECHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. 


COlonial 3-7711 


West Coast Mail Address P.O x 3941 North Hollywood, Calif. POplar 5-8620 





Face up to AUTOMATION 


let’s take a few minutes to remove any mental block pre- 


venting you from a basic appreciation of the new concepts of data reduction and 


automation. Already you achieve an unbelievable amount of data processing in your 


own personal life: you combine information concerning your income, your required 


expenditures, the age and physical state of your car, your wife’s feelings about style 


. and you process these data mentally to conclude that you will or will not buy a 


new car. The answer is not straight-forward, but it has its logic. 


Similarly, data handling systems and data reduc- 
tion systems supply automatically a humanly-deter- 
mined logic to various pieces of information, and 
arrive at the compact answer which you—the process 
or manufacturing supervisor—feel is most important. 
You used to look at the information given by a 
heterogeneous collection of instruments measuring 
temperature, pressure, flow rates, tank levels, et 
cetera, and mentally decide whether or not the 
process was performing up to par: generally no one 
temperature or pressure or tank level was sufhcient 
information. Nowadays, data handling systems can 
automatically “look’’ at these process variables for 
you, interpret them, and tell you d/rect/y whether or 
not the process is up to par—and if it isn’t, the data 
handling systems can usually be made to tell you very 
specifically what to do to correct the inefficiencies. 


You supply the logic 


All that the data handling systems are doing, 
therefore, is automatically and consistently applying 
your logic to the available information from process 
or manufacturing operation to give you unhestitat- 
ingly—and directly—the specific answer you demand. 

So much for data handling, data processing, or 
data reduction. Let’s see if we can determine where 
the automation comes in. 


Normally speaking, once you have analyzed the 
state of the process—either by evaluating the vari- 
ables humanly, or by relying on an automatic data 
handling system—you must decide whether correc- 
tive action is necessary or whether the process is 
going along satisfactorily. If you do apply corrective 
action—you do so according to a logic which you 
have determined by experience. Both the decision to 
apply corrective action and the specific correction 
applied are logically arrived at. 

Here's where automation can enter the picture. 
If you set up a system of automatic devices—a com- 


puter, more or less—to carry out the /ogic of ‘‘deci- 
sion making” and “correction initiating,’ you have 
an automated process. 


Realize that systems of data reduction or of auto- 
mation are based on cold logic—there is no magic 
about them. You have to establish the logic, further- 
more, before such systems can be effected. The sys- 
tems merely save you the time and effort of repeating 
the logical reasoning and physical corrective action 
over and over again. 


When do these systems become feasible? 

Many such systems have been operating for years 
in certain fields of research, process operation, and 
factory production. When any information collect- 
ing and logical processing become repetitive—and 
when logical decisions and actions also become repeti- 
tive—data reduction and automation systems are 
generally possible. A thorough analysis of time and 
effort saved—of increased efficiency—will reveal the 
economic feasibility of such systems. 


Who can help you know when such systems 
are suited to your operation? 


The Data Reduction and Automation Division of 
Fischer & Porter Company has engineers whose sys- 
tems experience dates back to 1941. The practical 
know-how of these men has been recently demon- 
strated in the manufacture of the F&P Automatic 
Logger, the F&P Multiple Pressure Readout System, 
the several types of F&P Digi-Coder analog-to-digital 
converters, and other ready-made packaged systems 
suited to immediate installation in many processing 
or manufacturing plants. These men can help you 
analyze your specific needs. 

So if you would like to talk facts and figures on 
data reduction and automation systems for your par- 
ticular operation, write or call the nearest F&P 
office now. 


Fischer & Porter Company, Hatboro, Pa. 


755 County Line Road 


Ee PR complete process instrumentation 


SALES OFFICES IN 32 AMERICAN 


CITIES AND IN PRINCIPAL CITIES ABROAD 


LA 10415 





